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FOEEWORD 


This report was prepared by the Martin 
Marietta Corporatign under Contract NAS8-25619 
’’Space Shuttle Propulsion Systems On-board 
Checkout and Monitoring System Development Study,” 
for the George C, Marshall Space Flight Center of 
the National Aeronautics and Space Administration* 
The report is comprised of four volumes: 

Volume I - Summary 

Volume II - Propulsion System 

Definition and Criteria 

Volume III “ OCMS Criteria 
and Concept 

Volume IV - Appendices 
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NOMENCLATURE 


I, Definitions 


BIT ; A single binary digit. The smallest informational element of 
a digital system. 

BUILT-IN-TEST EQUIPMENT (BITE) ; An integral part of a functional unit 
which serves to test and/or provide status on that functional 
unit, but does not participate in performing the unit's principle 
function 

BYTE : A specified number of BITS. 

CHECKOUT ; The process of determining whether or not specified physical 
quantities or operations meet their prescribed criteria. The 
process can include such functions as data acquisition, processing, 
storage, display, stimulus generation, etc. 

CONTROL : The act or process of initiating, regulating and/or terminating 

the operation and performance of a functional element in a prescribed 
manner . 

CONTROLLER : A device which governs the state or performance of a 

particular functional element in a prescribed manner, e.g. engine 
controller. 

DATA BUS ; The transmission line(s) along which the system computer(s) 

communicate with the various Digital Interface Units, controllers, 
peripheral-equipment, and other computers. 

DATA COMPRESSION ; The process of screening and selecting data such that 
only .desired information is retained for further processing and/or 
storage. 

DESIGN REFERENCE MODEL : The baseline configuration. 

DIAGNOSIS ; The determination of the state or condition of an element 
or parameter through evaluation of available data. 

DIGITAL INTERFACE UNIT ; An intermediary unit between the computer(s) 

and another device which fomats that device's output for communi- 
cation to a computer, and accepts and translates a computer’s 
transmissions to the device. 

FAULT ISOLATION ; The processing of analyzing a malfunction or abnormality 
to the extent of determining which functional element is defective, 
where the functional element is ordinarily a Line Replaceable Unit. 
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NOMENCLATURE (Continued) 


FUNCTIONAL ELEMENT ; A unit which, performs a characteristic action. Parts, 
components, assemblies, and subsystems are functional elements 
of increasing complexity. 

GAS PATH ANALYSIS ; An assessment of engine performance that is made 

through evaluation of a set of measured values of pressures, temp- 
eratures and/or flow rates. 

GROUND SUPPORT EQUIPMENT ; (for checkout and monitoring) That equipment, 
in addition to the onboard equipment, which is needed to accomplish 
the functions of checkout and monitoring. 

LINE REPLACEABLE UNIT ; A component or group of components that can, 

as a unit, be removed and replaced in the normal vehicle mainten- 
ance area. Such criteria as allowable replacement time spans and 
degree of complexity of post-replacement calibration form a basis 
for Line Replaceable Unit selection, 

MAINTENANCE t Those functions and activities associated with restoring 
the vehicle to an operational condition between flights. 

MEASUREMENT : A physical quantity or event whos'd’imagnitude or time of 

occurence is of significance. 

MONITORING : Repetitive acquisition and evaluation of needed data. 

POGO ; An oscillatory instal^ility resulting from a dynamic coupling 
between the fluid and structural elements of the vehicle. 

PROCESSING: The manipulations and operations performed on data from 

the time and place it is acquired to the time and place it is 
used in its final form, 

SELF CHECK : The process by which a functional element assesses its own 

operational Integrity and readiness. 

SENSOR ; A functional element which responds to a physical quantity 

or event and converts that response to transmissible data which 
is proportional to the magnitude of the quantity or indicates 
occurence. .o'f the event,' 


SINGLE POINT FAILURE ; A functional element whose inability to operate 

within prescribed limits would cause loss of vehicle, crew, and/or 
mission objectives, 

STIMULUS ; An excitation or forcing function which is applied from an 
external source at a prescribed place and time. 
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NOMENCI^YTURE (Continued) 


TIMELTNE ; A representation of a sequential series of events which 
depicts the time of occurence and duration of each event. 

TRAK SDUCER ; Same as sensor, 

TREND ANALYSIS ; The process of evaluating successive samples of the 

same data to forecast end of useful life and/or incipient failure 
as an aid to maintenance operations and to mission or vehicle 
configuration decisions. 


Abbreviations and Acron^ 


Note; Measurement nomenclature is defined in the measurement section. 


A/B Airbreather or airbreathing 

APS Auxiliary Propulsion System 

APU Auxiliary Power Unit 

BITE Built-In Test Equipment 

CC Combustion Chamber 

CCC Central Computer Complex 

ecu Channel Control Unit 

C£ Thrust Coefficient 

C* Characteristic Exhaust Velocity 

DIU Digital Interface Unit 

BRM Design Reference Model 

AV Change in Velocity 

EPL Emergency. Power Level 

PMEA Failure Modes and Effects Analysis 
FPB Fuel Preburner 

FSj_ Fire Switch #1 (Engine Start Signal) 

FS 2 Fire Switch #2 (Engine Shutdown Signal) 

CHe Gaseous Helium 

GH 2 Gaseous Hydrogen 

GN 2 Gaseous Nitrogen 

GOX Gaseous Oxygen 

GSE Ground Support Equipment 

G Sc N Guidance and Navigation 

EPFTPA High Pressure Fuel Turbopump Assembly 
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HPOTPA 

Ign 

KSC 

LH2 

LO2 

uox 

LPFTPA 
LPOTPA 
LRU 
MPL 
MR 
MSFC 
NPL 
OCMS 
OMS 
OPB - 
P/L 
RCS 
TCA 
TPF 
TPI 
TVC 
VAB 
MTR 


NOMENCLATURE (Continued) 

High Pressure Oxidizer Turbopump Assembly- 

Igniter or Ignition 

Kennedy Space Center 

Liquid Hydrogen 

Liquid Oxygen 

Liquid Oxygen 

Low Pressure Fuel Turbopurap Assembly 
Low Pressure Oxidizer Turbopump Assembly 
Line Replaceable Unit 
Minimum Power Level 
Mixture Ratio 

Marshall Space Flight Center 
Normal Power Level 

Onboard Checkout and Monitoring System 
Orbital Maneuvering System 
Oxidizer Preburner 
Payload 

Reaction Control System 
Thrust Chamber Assembly 
Terminal Phase Finalization 
Teminal Phase Initiation 
Thrust Vector Control 
Vertical Assembly Building 
Western Test Range 



APPENDIX B - FMEA DATA SHEETS 
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The objectives of the failure modes and effects analysis 
(FMEA) were to determine the potential propulsion failure modes 
and resulting effects on the subsystem^ system^ crew and 
mission, and establish the criticality of the failure; and 
Identify candidate failure detection methods for each failure 
mode to aid in establishing propulsion system measurement 
requirements. The groundrules and approach used in conducting 
this analysis are described in Volume II, Chapter III. This 
appendix contains the FMEA analysis sheets. 
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FAILURE MODE 

PRIMARY 

Low pressure/flow output 
during start or steady 
state, within control 
range . 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 

Low 


Very low or complete loss 
of pressure/flow output 
during steady state. 


Low 














FAILURE EFFECT ON 


SUBSYSTEM 


SYSTEM 


MISSION 

LiAits available range oC 

adjustnent £ae other petfemanee 
dcoandB 

1 

fOOSXEH No effect (dependo on 
control range analyale)* 

ORfillERt Ho effeeC (depends on 
control range analysis)* 

No effect 


Probable cavicatioa of 

B005I£R 

i«088 Of redundancy* 

No effect 


H.f.P T»P A, pr^jiwCure engine 
cutoff* possible burn-Chcough of 
UKtcndlble Qocrle (oxbitcr only) « 

CRBITER 

I>068 of one engine 

Fosaiblo mission loss* 


FAILURE HOOE AND EFFECTS ANALYSIS S*'STE” 1 » * ASSEH8LT J J T i 4 a J 

SUBSYSTEM 1*1 & 4 I SHEET 1 of 1 


EECOMMEriOATIONS FOR 
DETECTION METHOD 

OTHER RECOUHENDATIONS 

MISSION 

'’"critical^ 

CATEGORY 

Pump rpm* Inlet end discharge pressure 

Torque cheek using a controlled gos 

Booster 

A(4) 


vibration* 

■ource ot sehed* maintenance cycle 


B<4) 



could add to bearing condition inforna* 


o«> 



ticn 






Orblter 

A<4) 





D<4) 





C<4) 


Vibration* pump rpm* Inlet and discharge 


Booster 

A(4J 


prossuro* 



B(2B) 





C{4> 



Orbltor A(4) 
B(2B) 
C<2A) 




















COMPONENT IDENTIFICATION 


DRAWING 

NUMBER 


FUNCTION OF 
COMPONENT 


1.1 1.2 & 4.1. 1.2 High Pres- 
sure Fuel T.P A.* 


Increase fuel pressure from 

L.P.F.T.P.A. discharge to provide: 

1) Drive fluid for L.P.F.T.P A, 

2) High pressure fuhl to cool 
H.P.O.T.P.A. turbine bearings, 

3) High pressure fuel for com- 
bustion in preburners, and 
main ICA, | 

4) High pressure fuel for nozzle/ 
combustion chamber coolant, 
tank pressurization. 



FAILURE MODE 


PRIMARY 


Low pressure/flow output 
during steady state, but 
within control range. 


Very low or complete loss 
of pressure/flow output 
during start or steady 
state operation. 


Excessive leakage prior 
to start. 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Low 


Low 


Medium 


Loss of coolant flow 
output to H.P.O I.P.A. 


Low 


B-4 




















FAILURE EFFECT ON 


SUBSYSTEM 

SYSTEM 

Limits adaptability to other 
potential perfonnance Irrcgu- 
larltica (depends upon control 
range analysis) 

BOOSTER Ho effect. 

ORBITER Ko effect 



FAILURE NODE AND EFFECTS ANALYSIS 


RECOMMENDATIONS FOR 
DETECTION METHOD 


SYSTEM 1.0 & A 0 
SUBSYSTEM i i i. 4 1 


OTHER RECOMMENDATIONS 


ASSEMBLY 1114 4 11 

SHEET I of I 



B>ccBsiyc leakage to cxCcrior 
through chamber 


OZPA turbine bearing £alluEe> 
premature engine shutdovn 


BOOSIER*^ Lob 0 rcdunduiRcy* 
ORBIXER Lq98 o£ one engine* 


Safety liasard. 


BOOSTER Loss of redundancy 
OE(BIT£R Loos of one engine* 


D00ST2R Ho effect. 
ORBITER Mission loss. 


Possible launch dolay< 


BOOSTER Ho effect 

ORBXTBR Probable mission loss 


Vibration} Inlet pceasurcj outlet 
pressure^ pump rpm, preburner 
chamber pressure/temp 


Vibration, inlet preasure, outlet 
pressure, pump rpm, preburner 
chamber pressure/temp 


Vehicle sensors leak check at 
mainc cycle 




Mission 

^OPERAT^^^ 

CATEGORY 

Booster 

A<4) 

B(4) 

0(4) 


Orbiter 

4(4) 

B(4) 

0(4) 


Baoatcr 

4(4) 

B(2B) 

0(4) 


Orbltcri 

4(4) 

B(2E) 

0(24) 

1 

Booster 

4(4) 

B(3) 

0(3) 


Orbiter 

4(4) 

B(4) 

0(3) 


Bcoscer 

4(4) 

I(2B) 

0(4) 


Orbiter 

4(4) 

B(4) 

0(24) 



S’8 
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COMPONENT IDENTIFICATION 
NAME 

low Pressure Oxidizer 
Turbopump* 


DRAWING 

NUMBER 


*Critlcal components 


FAILURE MODE 


03 

I 


FUNCTION OF 
COMPONENT 


PRIMARY 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Provide pressure boost from 
engine interface to H.P.O.I.P.A. 
receives driving force from 
first stage discharge of 


Low pressure/flow output 
during start or steady 
state, within control 
range. 


Low 


H.P.O.I.P.A. 


Very low or no flow out- 
put at start or steady 
state. 


Low 













Limits available range of 
adJustDenC for ether pee** 
formance demands* 


Possible cavitation of 
U P 0 T*P»A, premature engine 
cutoff; loss of engine* 


FAILURE EFFECT ON 


BOOSTER No effect (depends 
upon control tango analysis) 



FAILURE MODE AND EFFECTS ANALYSIS 


RECOHHEfiDATIONS FOR 
DETECTION METHOD 


Pump rpm, vibration^ inlet «nd dls** 
charge pressure 


Pump rpm> vibration, Inlot and dis- 
charge pressure* 


SYSTEM 

SL'BSYSTEH 


OTHER RECOr^NOATIONS 


Tor<}uo check using a controlled gas 
source at sebed malnt. cycle 
could add CO boaring condition 
information 


ASSEMBLY 1 1 1 


SHEET 1 of 1 


MISSION 

CATEGORY 

Booster 

A«) 

D(3) 

0(A) 


Orbitcr 

A(A) 

B(3> 

0(4) 


Booster 

a'(4) 
B(2S) 
0(1 ) 


Orbitcr 

A(4) 
B(4) 
0(1 } 





















FAILURE MODE 


CP 

I 

CO 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


111^ High Prassure Osidizer 
lurbopimp* 


Incraasa osidizar pressure from 
discturga or LFOTPA co provide' 

1) InCerniedlaCC pressure output: 
tor mam comb chamber to drive 
LPOTPA turbine, to supply osid 
do tank pressurization heat ex- 
changer, 

2) To suppl\ high pressure oxi- 
dizer for preburner combustion 


Reduced pump flow/pres- 
sure output, Hithln con- 
trol range 


Low pressure flow output 


Loss of output 


Reduced restriction to 
seal cavity purge flow 


Excessive leakage of fuel 
into hot gas manifold 
prior to launch. 


**Crtcical component 






















FAILURE MODE AND EFFECTS AHALYSIS 


SYSTEIt 1 0 & 4 0 


ASSEMBLY 1 1 1 s 4 1 I 


SUBSYSTEM 1 1 & 4 1 SHEET 1 of 1 


FAILURE EFFECT OH 

RECOMMEIiDATIONS FOR 
DETECTION METHOD 

other recowendations 

MISSION ^ 

-'"■^ICALITY 

CATEGORY 

SUBSYSTEM 

SYSTEM 

MISSION 

Limits adaptability to other 
perforcnanco degradation 

No effect, depending upon control 
range analysis 

Ho effect 

Vibration, shaft displaccioent, pump 
RFM inlet pressure discharge preseuco 
(first and second stage) preburnor cham-* 
ber pxessurc/tsmp seal cavity orid 
vent thrust balance cavity pccssurc 


Booscer A(4) 
B<4) 
0(4) 

Ocblcer A(4) 
B(4) 
0(4) 

Premature engine shutdown due to 
low performance 

Booster Loss of redundancy 

Orbitcr Loss of one engine 

Booster Ho effect 
Orbitcr Mission loss 

VibroCion, pump PPM inlet pressure, 
discharge pressure 


BoDsEer A(4) 
B(2A) 
0(4) 

Orbitcr A(4) 
0(4) 
0(2A> 

Loss of engine, poasiblo flee 

Engine loss 

Loss of mission and possible toss 
of ccev 

Some as line 1 abovo« 


Bco&ccc A(4) 
B(2B) 
0(1S) 

Orbitcr A(4) 
0(4) 
C(1S) 

No ofCcct 

Bv.cos 8 usage of Gilc (secondary 
follurc) 

Potential purging problem must bo 
evaluated in design 

Seal cavity pressure 


Booster A(4) 
0(3) 
0(3) 

Orbitcr A(4) 

0(3) 

0(3) 

Eyccssive fuel leokagc out of 
nozzle (r^-qulrcs double fcilurc) 

Possible safety hosard 

Depends upon design and capability 
of Inerting purge Hoy be a 

launch delay 

Look checks at sched . malnt cycle 


Booster A(4) 

B(2B) 

0(4) 

Orbitcr A(4) 
0(4) 
0(3) 


c» 

I 























COMPONENT IDENTIFICATION 


NAME 


DRANING 

NUMBER 


FUNCTION OF 
COMPONENT 


1. 1.1.5 & 4, 1.1. 5 Fuel Pre- 
burner 


Supply fuel rich hot gas to high 
. pressure fuel turbopump assembly 
and main combustion chamber. 

1 1.1.6 & 4.1.1 6 Oxidizer 
Preburner 


Supply fuel rich hot gas Co high 
pressure oxld, IPA. and main com- 
bustion chamber. 

1.1. 1.7 & 4. 1.1. 7 Hot Gas 
Manifold 

! 

Support fuel and oxid. TPAs, 
support fuel and oxld, preburners ^ 
support oxid, heat exchanger; 
transport loads from all 
glmballed components to gimbal 
block. Gas plenum ducting fuel 
rich turbine and heat exchanger 
hot gas to main combustion chamber 


FAILURE MODE 


PRIMARY 


1) Crack in lox channel 
with burning upstream 
of face 

2) Orifice plugging 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


1) Low 

2) Low 


J 


OT-B 





















1) of pcrforoaiicc; loss of 
online, pccoaeurc ohuedown 

2) Wp effect 


FAILURE EFFECT ON 


1) Boosters Loss of redundancy 
Orblter: Loss of one engine 

2) Mo effect 


1) Boosters Ho effect 
Oeblters Mission loss 

2) No effect 


FAILURE MODE AND EFFECTS ANALYSIS 


RECDKllELDATIONS FOR 
DETECTION r!ETH0D 


1) Frebuener lox flow 
Prebuener eheober pressure 
Prebumcr tenpersture 

2) Mo effect 


SYSTEII: 1.0 & 4.0 
SUBSYSTEM 1,1 & 4,1 


OTHER RECDHJ^ENDATIONS 


ASSEMBLY: l.l-l &4-1.1 

SHEET 1 of 1 




Premature engine cutoff and 
structural failures of other 
cooponents^ particularly inter" 
connecting lines vhlch would In 
turn result in cross leakages of 
hot gas, fuel, and oxidlsct; 
flre-erplpsibn haiard« 


Possible severe thermal or 
Mchanlcal daxcage to neighboring 
engine and other systems. 


Booster: loss of vehicle and excv Failure would be reflected principally 

Orblter'* Loss of vehicle and crew in main conbuetion chamber pressure. 

The engine eoRtroller would eoniauind 
an cnergcncy shutdown, but extensive 

damage would result before xeto thrust 

condition, 

Hccooscnd poatfllght inspection. 



mssioN 

^OPEMTM 

**CR1T3CA^^ 

CATEGORY 

Booster. 

AW) 

BW) 

o«) 


Orblter* 

A(4) 

BW) 

0(4) 


Booster. 

A(4) 

B<4) 

0(4) 


Orbltcrt 

A(4) 

B(4) 

0(4) 


Booster • 

A(4) 

B(1S) 

0(1) 


Orbitor* 

A(4) 

B(4) 

0(1) 




n-a 

























COMPONENT IDENTIFICATION 


NAME 


1.1.18*4.1.1.8 Fuel Main 
Valve* 


DRAWING 

NUMBER 


FUNCTION OF 
COMPONENT 


Provides on-off control of fuel 
flow from 3rd stage of high pres- 
sure fuel TPA to engine systems. 


* Critical component 


FAILURE MODE 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

PRIMARY 

REDUNDANT 

Fails to open at start. 


Low 

Closes prematurely after 
engine reaches NFL 


Low 

Failure to close at 
shutdown 


Low 

Opens slowly. 

' 

Low 

Closes slowly. 


Low 

Internal and external 
leakage beyond spec, 
limit . 

- 
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FAILURE MODE AND EFFECTS ANALYSIS 


SYSTEM 1.0 & 4 0 


ASSEMBLY: 1.1 1 & 4 i.i 


FAILURE EFFECT ON 

RECOMMECDATIONS FDR 
DETECTION METHOD 

OTHER RECOHKENDATIOIIS 

HISSIOW 

OPERATJOKS__ --^CALITr 

CATEGORY 

SUBSYSTEM 

SYSTEM 

MISSION 

Eaglnc Co flcart 

Booster loss of redundancy 
Orbltcr Loss of one engine 

Booster Ko effect 
Orbltcr Mission loss 

Valve position discrete. 

Interlock with other engine sequences. 

Booster. A(4) 
B(2B> 
C<4) 

Oebiter A(4) 
B(4) 
C(2A) 

Engiae cutoff vlth severe engine 
damage Fossiblo shrapnel 

Possible omltlplc engine darnage 

Possible vohlclo/ctcw loss 

Valve position diserotc 

This requires a double failure, based 
on pares anolysls Valve is designed 
to fall open 

Booster A(4) 
B(2B) 
C(4) 

Otblcet A(A> 
B(4) 
C(2A) 

Ko effect 

Ko effect > prevalvc redundancy 

Ko offoct 

Valve position discrete 


Booster AC4) 
BW) 
0(« 

Orbltor A{4) 
B(4) 
c<4) 

Delay in start, or possible 
sequence shuedown 

Booster Possible loss of 
redundancy 

Orbltcr Fossible loss of one 
engine 

Booster Ko effect 

Orbltcr Possible mission loss 

Valve position anolog, valve position 
discrete 

Redundancy recommended in drive motor 
windings 

Booster A(4) 
B(3) 
0(4) 

Orbltcr A(4) 
B(4) 
C(2A) 

Fuel rich shutdown - no cflocc 

Ko offoct 

Ko effect 

Valve position analog 


Booster A<4) 
B(4) 
0(4) 

Orbltcr A(4) 
B(4) 
0(4) 

See texc 

Ko effect 

Ko effect 



Booster A(4) 
B(4) 
0(4) 


Orblcoc A<4) 
B<4) 
C<4) 
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COMPONENT IDENTIFICATION 

FUNCTION OF 
COMPONENT 

NAME 

DRAWING 

NUMBER 

1.1. 1.9 & 4. 1.1. 9 Oxidizer 
Main Valve* 


Provides on-off control of oxid. 
flow from first stage output of 
H.P.O.T.P.A. to main injector 
and oxid. heat exchanger. Valve 
is powered on & off, no power 
for maintenance. Fails open on 
loss of power & ^?ill close on 
iP. 


* Critical component 


FAILURE MODE 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

PRIMARY 

REDUNDANT 

Failure to open at start. 


Low 

Closes prematurely after 
engine reaches KPL. 


low 

Failure to close at 
shutdown* 


Low 

opens slowly. 


Low 

Closes slowly. 


Low 

Excessive leakage In 
closed position beyond 
spec* limits* 




tT-fl 























SUDSYSTEH 


Engine £ail« ee atcve. 


Premature engine cuCo££» 
Engine damage due Co shxapnd. 


Engine shutdeun ia ox-zich> 
damage CO main C« chamb» 
extended shutdown impulse 


Uclay In scare, or posalblo 
sequence ahutdoua* 


Oxid* rich at shutdown - possible Mo cCfecC 
aiala C.C. donage Possible 
extended ahutdovn ltBptllse« 


FAILURE EFFECT ON 


SYSTEH 


SoocCer Loos o£ xodundonoy 

Ocbltcr Loos of one engine 


Possible multiple engine loss* 


FAILURE ilODE AND EFFECTS ANALYSIS 


RECOHMELOATIONS FOR 
OETKTIOh 


Booster No offset. 
OrbiCct Mission loss 


Valve poslCien discrete 


Possible loos of vcbtele/crcw. I Valve poolCion discrote 



BooBCer 

Possible loss 

of 


redundancy. 


Ocbltcr 

Possible loss 

of one 


engine. 



PoBoiblc loss of vtihtele/cvew* 


BuosCer Ho effect* 
Oxbitex* Possible loss o£ 
tnloslon 


Posalblo loos of vchLclc/cccw 




Valve position discrete 


Valve pooltlon discrete 

position analog* 


Valve position analog. 


Syscen leah checks at scheduled 
ualntenancc cycle. 


MISSlOil 

operations 


SYSTEM 1 0 & 4 0 

SUBSTSTEn 1 1 & 4,1 


OTHER RECO^idENDATlONS 


Interlock vlth start sequence 
Redundant conCtol circuits here? 
Mliy not interlock with shutdown 
sequence* 


Requires double failure based on parts 
analysis. Valve is designed to fall 
open 


Engine postflro purge should be linked BoosCer: 
with ox valve closure Requires 
acage ox prcvalve to close Redundancy 
provided by this valve 

OrUtcrs 


Rcdundoucy recommended in drive 

motor V!iyT 


ASSEKBLY 1,1.1 & 4.1.1 
SHEET 1 of 


CRITICALITY 

CATEGORY 




ST-9 







































COMPONENT IDENTIFICATION 


FAILURE MODE 



FUNCTION OF 
COMPONENT 

Initiates, controls, and terminates 
fuel flow to the oxidizer preburner 
Provides mixture ratio and thrust 
control. Fails static on loss of 
power , 




Slow response; 

Erratic action, no responsi 
to coomands at steady 
state. Shift in position 
for given power demand. 


Internal and external 
leakage beyond spec 
limits . 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Low 


Low 


Low 


Low 


Low 


* Critical component 
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COMPONENT IDENTIFICATION 


FAILURE MODE 


DRAWING 

NUMBER 


1.1.1.11 & A. 1.1. 11 Oxidizer 
Control Valve, Oxidizer Pce- 
burner* 


FUNCTION OF 
COMPONENT 


Controls oxidizer flow to the 
oxid. preburner. One olreult 
controls flov to approx. MPC, 
the second controls above MPL. 
provides on‘*a£f as veil as con~ 
tlnuous flow contrbl. Fall 
close on loss of power. 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 



Fails to open at start 


Closes preinattirely. 


Failure to close at 
shutdown. 


Slow response, erratic 
operation. 


Internal and external 
leaks beyond spec, 
limits. 



ST'S 





















FAILURE EFFECT ON 


SUBSYSTEM 

SYSTEM 

MISSION 

Engine fnilo to start. 

Booster 

Orbtter 

Loss of redundancy 
Loss of one engine 

Booster 

Otbitcr 

No effect 
Mission loss 

PrcTsature onglna shutdown. 
Possible preburnor, TPA, 

Injector domogc due to high H R, 

Booster t 
OrbltcrS 

Loss of redundancy 
Loss of one engine 

Booster 

Orbiter. 

No effect 
Mission loss 

Continued fuel flow until fuel 
main vnlve closes 

Ko effect 

Ko effect 


Failure to follow M.R./chruac 
conmands . Possible prciaaturc 
shutdown due to out -of -spec, 
engine. 

Booster. 

Orbiter 

Loss of redundancy 
Loss of one engine 

Booster 

Orbiter 

Ho effect 
Mission loss 

Sec text. 




FAILURE W3DE AND EFFECTS ANALYSIS SYSTEM 1.0 & 4.0 ASSEltBLV 1.1,1 & 4.1,1 


SUBSYSTEM 1.1 & 4,1 1 of 1 
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SUBSYSTEM 


Engine fails co scare 


PrcnmCurc cnglno cutoff 


Extended burn time * Increased 
shutdown Impulse, Inccmnl engine 
damage due Co high U*E« in pre- 
burner* 


Engine fails co respond to M.R»/ 
thrust coTCjnands - out of spec 
condition with premature shut- 
down (possible)* 


FAILURE EFFECT ON 


SYSTEM 


Booster Loss of redundancy* 

Orbltcr loss of one engine* 


Booster lose of redundancy 

Orbltcr Loss of one engine 


Ho effect^ thrust not ter- 
minated properly. 


Booster Sossiblc loss of 
redundancy 

Orblter Eossiblc loss of one 
engine 


Booster Ho effect* 
Orbltcr lliosion loss. 


Ko effect. 
Mission loss 


FAILURE MODE AND EFFECTS ANALYSIS 


RECOtlMELOATIONS FOR 
DETECTION METHOD 


Valve position discrete 


Valve position analog 


SYSTEM 

SUBSYSTEM 


1.0 & 4.0 
1 I & 4.1 


ASSEMBLY 1*1.1 & 4 1 I 

SHEET 1 of 1 


OTHER RECOhHENDATIOHS 


Recommend considering redundant motor 
winding. 


MISSION 

OPERATIOMS^^^ 

■ ’’’’^'cRTTIC^ 

^ 

CATEGORY 


Booster A(4) 
B(2]]> 
0(4) 

OrbitoK A(4) 
BC4). 
C(2A> 


Booster. Possible vehicle 

separation difficulty* 
Orbltcr Ho effect due to OMS 
and Res Operation. 


No effect. 

Foealble mission loss. 


Valve position analog 


Valve position analog Pccbucnec 
cliambcr pressure 
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COMPONENT IDENTIFICATION 


1.1 1.12 S 4.1.1.12 Oxidizer 
Control Valve, Fuel Preburner 


FAILURE MODE 


DRADING 

NUMBER 


FUNCTION OF 
COMPONENT 


Controls flow of oxidizer to fuel 
preburner. Provides on-off as 
well as continuous control. One 
circuit provides for flow up to 
MPL, and a second provides control 
above MPL. Valve is powered open, 
powered for main stage and 
powered to close^ OR will close on 
loss of power. 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Falls to open at start. 


Closes prematurely. 


Failure to close at 
shutdown. 


Slow response, erratic 
operation, shift in 
position for a given 
power demand. 


Leakage, Internal and 
external, beyond spec 
limits . 






















FAILURE MODE AND EFFECTS ANALYSIS 


FAILURE EFFECT ON 

RECOMMENDATIONS FOR 
DETECTION METHOD 

SUBSYSTEM 

SYSTE1 

MISSION 

Engine fails to start. 

Booster No effect 
Orbltcr Loss of one engine 

Booster No effect 
Orbiter Mission loss 

Valve position discrete. 
In start sequence. 

Prematura engine shutdown* 

Booster. No effect 
Orbltcr* Loss of one engine 

Booster' No effect 
Orbltcr Mission loss 

Valve position dlycretu. 
valve position analog. 

Extended burn time • Increased 
shutdown Impulse, internal engine 
daaage due to high M R. In 
preburnor 

Thrust not tenalnaccd properly. 

Booster Possible vehicle 

separation difficulty 
Orbltcr* No effect • OMS and 
RCS compensate 

Valve position analog* 

Engine fails to respond to M.R./ 
thrust comtnaTids. Out>cf>SDCc 
condition with possible premature 
shutdown. 

Booster Possible loss of 
redundancy 

Orbltcr Possible loss of one 
engine 

Booster No effect 

Orbiter Possible mission loss 

Valve position analog. 
Preburner chamber pressure. 
Preburner choabcc temperature* 

See teyt« 









SYSTEM 1.0 & 


ASSEMBLY 1,1.1 a 4.1.1 


SUBSYSTEM 1.1 a 4.1 


OTHER RECOHMENOATIOMS 


SHEET 1 of 1 



RccomoMnd rcduodaac aoCor viodlngs 
be considered. 


Booster A (4) 
B(2B) 
C<4> 


Orbltcr: A<4) 
B(4) 
C<2A) 


Booacer A(4) 
BC2B> 
C(2A) 


Orbltcr: A(4) 
B(4) 
C<2A) 


Booster: A(4) 
B(2B> 
C(1 ) 


Orbltcr: 


Rccoamcnd redundant sotor windings 
be considered. 


Booster: 


A(4) 

BC4) 

C<4) 


A<4) 

B(3) 

CO) 


Otbteot. AC4) 
B(4) 
CO) 
































COMPONENT IDENTIFICATION 


DRAWING 

HUMBER 


FUNCTION OF 
COMPONENT 


NAME 


1 1.1.14-1 & 4.1.1.14-1 
Interconnect Articulating 
Lines. Low Treasure Fuel TPA 
Discharge Line 


Duct fuel from LPFTPA to inlet of 
HPFXPA, Provide flexibility for 
gimballlng and misalignment. Vac 
uura jacketed to control fuel qual' 
ity, prevent formation of liquid 
air. 


1.1.1.14—3 & 4.1 1.14-3 Low 
Pressure Fuel Turbopump Turbine 
Drive Lines 


Duct fuel from HPFTPA 1st and 3rd 
stages to turbine drive Inlets on 
LPFTPA. Vacuum jacketed to control 
fuel quality and prevent formation 
of liquid air. 


1.1.1.14-2 & 4.1.1.14-2 Low 
Pressure OTPA Discharge Line 


Duct oxidizer from L P, OTPA to in- 
let of H.P OTPA. Provide flexi- 
bility for gimballing and misalign- 
ment. Bellows are vacuum jacketed 
to prevent ice formation in convo- 
lutions 


1.1 1.14-4 & 4.1.1.14-4 Low 
Pressure OTPA Turbine Drive 
Line 


Duct oxidizer from first stage dis- 
charge of H.P. OTPA to Turbine in- 
let of L.P OTPA Provide flexi- 
bility for gimballing and misalign- 
ment. Bellows are vacuum jacketed 
to prevent ice formation in convo- 
lutions 


FAILURE MODE 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

PRIMARY 

REDUNDANT 

Loss of vacuum due to 
rupture may be a line or 
bellows jacket. 


Low 

Loss of vacuum due to 
rupture may be a line or 
bellows 


Low 

Loss of vacuum jacket, ice 
formation, with potential 
line rupture at gimballing 
cycle 


Low 

/ 

Same as above. 


Low 
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FAILURE MODE MD EFFECTS ANALYSIS SYSTEM 10&4 0 ASSEMBLY 111 a 4.1.1 

SUBSYSTEM 114 4 1 SHEET 1 of 1 


FAILURE EFFECT OK 

RECOmiEIiDATIONS FOR 
DETECTION METHOD 

OTHER RECOMMENDATIONS 

MISSION ^ 

OPERATIOH^__.^^ 

CATEGORY 

SUBSYSTEM 

SVSTEW 

MISSION 

Boos cor Possible Eeiluro to 
store Liquid olr 
formoclori'sofocy hazard^ 
possible effect on molded 
cables, hydcaullc linos 
Orbiter Liquid olr forinaclon- 
safety iiazord, possible 
effect on molded cobles, 
hydcoulic lines Beyond 
soroe altitude, problem 
no longer exists 

Booster Safety hazard loss of 
rodundoney 

Orbiter Safety hazord 

Depends upon analysis of safety 
oopaeta Feasible launch delay 

Surface temperature measurement on each 
vacuum SQCclon, or direct vaeuun oscoo 
(Latter preferred duo to desirability 
to know conditions prior to loading ) 

Test vacuum at scheduled maintenance 
eyolo CooporcacnC purge may bo 

adequate Launch delay may be necessary 

Booster A(A) 
B(2B) 
C(A) 

Orbiter A(4) 
B<2B) 
C<4) 

Sqidc os obove 

Same os above 

Same os above 

Some as above 

Same as above 

Booster A(4) 
B(ZB> 
C(4) 

Orbiter A(4) 
B<2B) 
C(4) 

PrenuCuro shutdown (Small leak 
A largo rupture could result in 
major damage) Prc^volve closure 

would prevent further loss 

Booster Loss of rcdundoncy 

Orbitor Loos of one engine 

Booster No effect 

Orbiter Possible mission loss 

Surface tenp mcas or direct vacuum 
moss (latter preferred) 

Check vacuum at ached malnt cycle and 
after delivery to pad« Launch delay may 
be necessary Compartment purge may 
preclude ice formation Frost would 
have no effect 

Booster A(4) 
B(2B) 
C(4) 

OrBltcr A(4) 
B(4) 
C(2A) 

Sorpe 08 above 

Some as above 

Same as above 

Soon as above 

Same as above 

Booster A(4) 
B(2B) 
C(4) 

Orbiter A(4) 
B(4) 
CC2A) 



























oo 


COMPONENT IDENTIFICATION 


111 15-Jd A.l.ia5-^3 Fu^l 

Auction Lind 


FAILURE MODE 


,1.15. ^11 Cither Lines as 

,2.e, Identitied in 
.5,', Component Listing 


FUNCTION OF 
COMPONENT 


Duct tuel from eng,/veh. inter- 
face to LPF TPA, Protect fuel 
quality via a vacuum jacket. 
Prevent form, of Iiq. air. 


As described in component 
listings . 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 



Structural fatigue 
failure only. 













FAILURE MODE AND EFFECTS ANALYSIS 


SYSTEM 1.0 & 4.0 
SUBSYSTEM 1.1 & 4.1 


ASSEMBLY 1.1.1 & 4.1.1 

SHEET 1 of 1 
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COMPONENT IDENTIFICATION 


FAILURE MODE 


DRAWING 

NUMBER 


1.1 1.16 6 4 1.1.16 Oxidizer 
Recirculation Select Valve 


FUNCTION OF 
COMPONENT 


Provide recrrculatlon prior to 
engine start, and flov oxld. from 
first stage H.P.O.TPA to IPO TPA 
turbine . 

Must be in turbine position prior 
to start. Falls to turbine 
position on power, failure. 


Failure to shuttle to 
reclrc. position prior 
to loading. 


Failure to shuttle to 
turbine position at 
start. 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 
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FAILURE MOQE AHD EFFECTS AHRLYSIS 

SYSTEH: 1.0 & 4.0 
SUBSYSTEM* 1.1 & 4.1 

flSSBBLlf: 

1,1.1 i 4.1.1 
SJ.EET Jl_of _1_ 

FAILURE EFFECT ON 

RECOC^EiiGATIONS FDR 
OETECTIOri HETHDO 


HISSHM 

CWTICfiLn^ 

CATEfiORT 

SU8SVSTEH 

SYSTEH 

mssioN 

OniER RECOt«EHDATIO!iS 

PKOpelUnc loading hold. 

-- 

Probable nlsslon launcb delay* 

Valve position discrete. 

“ 

Booster: A£4) 
BO) 
C(4) 




1 

i 


Oxbiccr: A(4) 
BO) 
C(4) 


Engine fails to start | 

Flow disruption in oxid. fcedLlnc. 

Mission termination. 1 

Valve position dlocrctc. ! 

1 

Interlock vith start scqucmcc. 

Boosters AC4) 
B(2B) 


C(4) 


OzbStcr: A(4) 
BOB) 
C(2A) 


£?-0 
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FAILURE EFFECT ON 

SUBSYSTEM 

SYSTEM 

MISSION 

Propellant loading held. 

' 

Probable launch delay 

Falla to start. 

Dlaruption o£ fuel flow in the 
fuel feed line. 

Miaaioa tcTolxiatloa. 





FAILURE MODE AMD EFFECTS AHALYSIS 


RECOKMEf^OATIOMS FOR 
DETECTION METHOD 


Talve posicloR discrete. 


Valve posltloQ discrete. 


SYSTEM 1.0 & 4.0 
SUBSYSTEM 1-1 & 4.1 

OTHER RECQKKEHBATIOHS 

Interlock with losdln^- 
rcady scqucsce* 

Interlock with stsrt scqccncc. 



ASSEMBLY: 

1.1.1 & 4.1.1 



SHEET _1 ctf X 

HlSSiai 

^CPaATI^^ 

CATEGGEll 

Booaccr: 

A(4) 

B(3) 

C(4) 


Orbitcr: 

A(4) 

BO) 

C(2A) 



«2-fl 















COMPONENT IDENTIFICATION 


DRAWING 

NUMBER 


FUNCTION OF 
COMPONENT 


NAME 


1.1.1.18 & 4.1.1.18 
clrc. Control Valve 


Fuel Ee- 


Provide start transient control 
of fuel to L.P. TPA turbine to 
assist in bootstrap period* 
Fails to off position* Shutoff 
not required* Fails to closed 
position on loss of power* 
Required to be open during 
recirculation and loading 
operation. 



FAILURE MODE 

PROBABILITY OF 


PRIMARY 

REDUNDANT 

MALFUNCTION OCCURRENCE 


Fails to open for 
recirculation and 
8tart*>up , 


Low 


Falla to close to minimum 
flow position after start. 


Low 
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FAILURE MODE AND EFFECTS ANALYSIS 


FAILURE EFFECT ON 

RECOMMENDATIONS FOR 
DETECTION METHOD 

SUBSYSTEM ' 

SYSTEM 

MISSION 

Possible inadequate bleed -in, 
failure te start. 

Booster loss of redundancy 
Ocblter. Possible loss of one 
engine 

Booster. No effect 
Orblters Possible nlsslen loss 

i 

Valve position discrete. 

Possible L.P F TFA overspin^ 
cavitation, ulth pcecaacuTC engine 
shutdovn (depends upon bootstrop 
system design and cagulacor 
performance) • Pressure 
regulation redundancy lost. j 

i 

I 

Booster* loss of redundancy 
Oebiter* loss of one engine 

Booster No effect i 

Orbitcr Possible miss ion loss 

Valve position discrete. 


SYSTEM 1.0 O A.O 
SUBSYSItM 1.1 & 4.1 


ASSEMBLY L.l.l & 4,1.1 
SHEET 1 of 




















COMPONENT IDENTIFICATION 


1 1.1.19 S A. 1.1. 19 Fuel Re- 
circ. Regulator 


FAILURE MODE 


DRAWING 

NUMBER 


FUNCTION OF 
COMPONENT 


lifflit the pressure in the recirc. 
line ahead of the bellows, select 
valve, and turbine drive/tank 
press, systea, 

(See 1.1.1.19 Recirc. Control 
Valve.) Provides redundant 
pressure regulation. 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 



Falls to open during 
recirculation . 
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FAILURE MODE AND EFFECTS ANALYSIS 


SYSTEM l.O a A,0 ASSEMBLY 1,1.1 a A.1.1 

SUBSYSTEM l.I a A.l ^ ^ 


FAILURE EFFECT ON 

RECOMNEI.DATIONS FOR 
DETECTION METHOD 


MISSION 


SUBSYSTEM 

SYSTEM 

MISSION 

OTHER RECWWENDATIONS 


'"''"'ralTICALlTY 

CATEGORY 


No effect - 

redundancy provided by rcciic. 
control valve. 

Ko effect 

No effect 

Pressure, regulator output. 


BooeEcr A(4> 
»(4) 
C(4) 

Orbiter: A(o) 
S(4) 
C(4) 

If double failure occurs, the 
L P.F TPA would overspln, 
and potentially the bellows 
section would fail. Engine loas 

Both Engine loss . 

Both Possible hazardous I 

condition* 

Mission termination. 

Pressure, regulator output. 

Low pressure portion should be 
designed to take full pressure. 

L P.F, TPA overspln crip should be 
utilized. 

Booster: A(A) 
B(2B) 
C<1 ) 


Fosfllblo fire. 

(Dependa upon dcilgn of bellows ^ 
if Ic can withstand full pressure, 
the onlj' effect is prenecurc 


Orbiter: 

B</i) 
C<1 ) 


engine ahutdovm.) 


loproper chill down » 
failure to stare Is possible. 


Booster 

Oebteer 


Loss of redundancy 

Loss of one engine 


Booster* Bo effect 

Orbiter Toss Iblc mission loss 


Bleed point temperature, poaslbly in 
recirculation line. 


Boosters A^*' 


ucDxcer n. 























COMPONENT IDENTIFICATION 


FAILURE MODE 


NAME 

1.1. 2,1 
4. 1.2.1 

& 

Main Injector 

1.1. 2, 2 
4. 1.2. 2 

& 

Main Combustion 
Chamber 

i 

1.1. 2. 3 

Booster Nozzle 

4. 1.2.4 

Orblter Nozzle 


DRAWING 

NUMBER 




.2.5 & 

.2.5 Gas Dlatrlbution Place 


FUNCTION OF 
COMPONENT 


Uniformly distribute TPA exhaust 1) 

gases flowing from gas distribution 
plate and oxygen discharged from 
H.P.O.X.F.A. first stage, Into 2) 

combustion chamber. 

3) 


Contain Internal pressures and 1) 

transmits thermal loads from 
combustion gases to fuel regener- 2) 
ative coolant. Contains side 
loads. Transmits loads from nozzle 
to main injector, and provides 
forward support of nozzle extension 
drive mechanism. 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Crack In lox channel 
with burning upstream 
of face 

Oxld. torus crack or 
rupture 

Orifice plugging 
(secondary failure) 


Crack internally with 
fuel loss Into chamber 
Inter -channel leakage 
(Both of above would 
result In loss of 
cooling efficiency) 





Remove heat from combustion gas by Same as above, 
regen. cooling. Transmit thrust, 
side, and thermal loads to com- 
bustion chamber. Condition coolant 
for fuel tank pressurization. 


Same as 1 1.2.3. Transmit forces 
from extendible nozzle to 
combustion chamber. 


Uniformly distribute high' pressure Cracking or deformation 
TPA turbine exhaust gases flowing with nonuniform flow 

from Che hot gas manifold to the distribution to injector, 

main injector. 
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FAILURE MODE AND EFFECTS ANALYSIS 


FAILURE EFFECT ON 


SUBSYSTEM 


SYSTEM 


MISSION 


RECOKMEr.DATIONS FOR 
DETECTION METHOD 


t) Leas oF engine -ptesacure 
shutdo'iAt 

2) Abrupt engine loss 

3) Premature ehutdovRi 


Loss o£ pcrfoEoancc with prcaiaturc 
shutdown 


1) Booster* Loss o£ redundancy* 
Orbiters Loss o£ one engine* 

2) Multiple engine loss 

3) Boosters No effect 
Oeblter: Loss of one engine 


Booster* loss of redundancy 
Orblter* loss of one engine 


l) 

Booster* 

No effect 


Orblter: 

Mission loss 

2) 

Possible 

loss of vchlclc/cccw 

3) 

Booster 

No effect 


Orbiter. 

Loss of mission 


Booster FoTffcct 
Oebiter Mission loss 


1> 

Oxld 

aow, C*; I , H.R 
sp» 

2) 

__ 

3) 

M,R , 

chamber pressure 


Mixture rnclOj 


Same as above 


Some as above 


Same as above 


Same ns above 


Some as above. 


Some as above* 


Same as above. 


Same as above 


Loss of performance - may be ~ Booster 
sufficient to cause out of spec Oebiter* 
performance short of total 
structural collapse* 


Loss of redundancy Boosters 
Possible loss of one Orbiteri 
engine 


Mo effect 

Possible mission loss 


Chamber pressure, 


C*, 


I 

sp 


ASSEMDLT 1,1.2 & 4.1,2 


SYSTEM 1*0 & 4.0 


SUBSYSTEM 1.1 & 4.1 SHEET 
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COMPONENT IDENTIFICATION 


FAILURE MODE 


DRAWING 

NUMBER 


1.1. 3.1 £. A. 1.3.1 Igniter, 
Mala Combustion Chamber* 


Function of 
COMPONENT 


Provides xgnxtion source for main Fails to ignxte 
combustxon chamber 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Continues Co burn. 



* Critical components 














FAILURE EFFECT ON 



SUBSYSTEM 

SYSTEM 

MISSION 

Engine falls to start 

Booster 

Orblcer 

Loss of redundancy 
Loos of one engine 

Booster 

Orblcer 

Ho effect 
Mission loss 

Main TCA Burnout, loss of par* 
foroanco, premoture shutdown 

Booster 

Orblcer 

Loss ot redundancy 
Loss of one engine 

Booster 

Orbitcr 

Ho effect 
Mission loss 


Capable o£ vlchatonding hard 
start 


offccC 


Ho effect 


FAILURE MODE AND EFFECTS ANALYSIS S''STEK 1 0 & 4 0 ASSEIiSLY 1 1 3 & A 1.3 
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COMPONENT IDENTIFICATION 


FAILURE MODE 


DRAWING 

NUMBER 


1 1 3.2 S A. 1.3. 2 Fuel 
Prebumer Igniter* 


FUNCTION OF 
COMPONENT 


Provide Ignition source for fuel 
prebumer at start. Operates 
from oxidizer and fuel propel- 
lant inlet, valve command, and 
28 vdc. 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Fails to ignite or pre- 
mature loss of ignition. 


Continues to bum. 



Hard start due to leakage 
in oxxdizer valve beyond 
spec, limit. 


* Critical component 
















Engine falls to start, possible 
high M.R and incarnal angina 
damage 


EremaCucc shut down of coglna 
due to loss of powor* 


FAILURE EFFECT ON 


SYSTEM 


Soostcc Loss of rcdundaacyf 

Orblcar Lons of ana cnglna« 


BoosCot Loss o£ rcdondancy* 

OrblCcr Loss of one engine 


FAILURE MODE AND EFFECTS ANALYSIS 


RECOMMENDATIONS FOR 
DETECTION METHOD 


No effect » 
Mleaion loso> 


Booster No effect r 
Orbitcc Mission loss 



Oxld valve poslcion dleccccc pre** 
burner chamber preasute Ignition 
detector 


Oxidizer valve position discrete* 


Leak checks at maintenance cycle, 
probumer cliombcr pressure 


SYSTEM 1 0 & 4 0 
SUBSYSTEM 1 1 & 4 1 


OTHER RECOMMENDATIONS 


Redundant oxidizer valve should be 
conBldarcd 


ASSEMBLY 1 1 3 & 4 1 3 

ShEET 1 of 1 


MlSSIOd 

OPERATIONS 


CRITICALIIY 

CATEGORY 


Booster 

A(4) 


K2S) 


0(4) 

Orbltcr 

A(4) 


B(4) 


0(2A> 



Booster A(4) 
B(2B> 
C(4) 

Orbltcr A(4) 
B(4) 
C(2A) 


Booster A(4) 
B(4) 
C(4) 

Orbltcr A(4) 
B(4) 
C(4) 


6C-9 
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Engine £alle to start. 


Premature shutdovn of engine 
due CO loss of poMCE. 


FAILURE EFFECT ON 


SYSTEM 


Booster Loss of redundancy 

Orblter Loss of one engiae. 


Booster Lose of redundancy 

Orblter Loea of one engine 


No effeet 
Mieelon loss 


No effect 
Mission lose. 



RECOMMENDATIONS FOR 
DETECTION METHOD 


Oxidizer valve position discrete^ 
prebumcr chamber pressure Ignition 
detector 


Oxidizer valve position discrete 


Leak checks at maintenance cycle. 
Prebumer chamber pressure 


OTHER RECOMMENDATIONS 


Redundent o*>’idlzoc valve should bo 
considered. 
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COMPONENT IDENTIFICATION 


DRAWING 

NUMBER 


FUNCTION OF 
COMPONENT 


NAME 


l.X.A 1 & 4 1 4 1 
Block 


Gimbal 


Transfer loads from all glmballed 
components Co vehicle. 


1.14.2&4142 Gimbal 
Actuator and Power Pack * 


Positions the rocket engine for 
thrust vector control 


^ Critical components 



FAILURE MODE 

— 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

PRIMARY 



BeariTig failure . 


low 

■ 

Actuator goes hardover 
and remins there , 

1^0 response of actuator to 
command (remains at null) . 

Unstable actuator position 
(oscillation) 

Unmodulated actuator posi~^ 
tron (full extend or full 
retract positions only) , 

Slow response 


Low 

Low 

Low 

Low 

Medium 


2i?-a 














failure mode and effects ANAiysiS SYSTEM i 0 i 4 0 ASSEMBLY 1 1 4 S 4 1 4 



Orblter A(4) 
B<3) 
0(4) 

Poor TVC No effect (flssumo compensation by Same os obave Booster A(4) 

flight control system) 

0(4) 


Orbiter A(4) 
B(4) 
0(4) 
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FAILURE NODE AND EFFECTS ANALYSIS 


FAILURE EFFECT ON 

RECOmEhOAHONS FOR 
DETECTION METHOD 

SUSSrsTEM 

SYSTEII 

MISSION 

-- 

Poor TVe 

No effect 

Same as above 

-- 

Poor Tve 

Loss of flight control stability 
margin (until actuator can bo 
locked in nullj then no effect) 

Same as above 

Possible Structural Damage 

- 

-- 

A.ctuator null position switch 



One engine shutdown nocesaary to 
correct for vehicle oscillation 
Booster No effect 
Orblter Hloaloo losaj fall 

Increased burn time of 
remaining engine 

Actuator null position switch 


SYSTEM 1 0 i 4 0 


ASSEMBLY 114 4 4 14 


SUBSYSTEM 114 4 1 


SHEET 2 of a 


OTHER RECOMHENOATIOHS 



Boo&ccr A<4) 
B<4) 
0<4) 

OrbiCcr A(4) 
B<4> 
C(4) 


Lock octuotor In null pooitlon wlion 
this failure mode is dnccctcd 


Booster A(4) 
B(3) 
0(4) 


Orblter A (4) 
B(3) 
0(4) 

Booster A(4) 
B(3) 
0(4) 


Orblter 


A(4) 

B(3) 

0(4) 


Booster A(4) 
B(3) 
0(4) 

Orblter A(4) 
B(3) 
C(2A) 


B-45 











COMPONENT IDENTIFICATION 


FAILURE MODE 


DRAWING 

NUMBER 


1,1. 5.1 & 4.1 5 1 Engine 
Controller 


FUNCTION OF 
COMPONENT 


Provides power distribution, 
management of data from vehicle 
and engine, and data processing. 
Provides Interface to enable 
engine to respond to vehicle 
commands and for receipt and 
distribution of electrical power. 
Performs start and stop sequencing 
of engine. Provides thrust, mix- 
ture ratio, and OTC in response 
to vehicle commands. Aids In 
POGO suppression. Provides 
checkouts necessary to respond 
Co vehicle with engine-ready 
signal. Automatic nulling and 
loclclng the engine on shutdown. 
Inltates shutdown based on checks 
and monitoring. 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


First failure in any 

module results In: 

a) Loss of one data In- 
put channel redun- 
dancy, 

b) Loss of one 16 chan- 
nel module: 

c) Loss of one total 
channel; 

d) Loss of channel 
switching 


Second failure of llke- 
module (excludes C.C.U. 
only one module) . 
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FAILURE MODE AKD EFFECTS ANALYSIS 



FAILURE EFFECT OK 




SUBSYSTEM 

SYSTEH 

msslOK 


ktCUNibMJAlllKIS hUK 
DETECTION KETIIOD 

Lose of xcdundoncy* 

No effect* 

Booscer/Octtlter: Fosslble 1 

delay* 

launcli 

Internal checks reveal status of 
modules* 

Prccuturc engine abutdovn* 

Booster: Iioss of redundancy 

Orbltcr: Loss of one engine* 

Booster: Ko effect 

Orbltcr: Sosolblc mlsBlen loco* 

Same as above* 


SYSTEM: 1-0 S 4-0 

SUBSYSIEH: 1-1 * 4-1 


ASSEKBLY: 1.1.5 & 4.1.5 

SK^r 1 . oF 


OTHER R£COT«£NOATIG»S 

















COMPONENT IDENTIFICATION 


1.1. 5.2-1 & 4. 1.5. 2-1 Ignition 
Control Harness (Excluding 
Ignition Valve Control) Fuel 
Prebumer Oxld Prebumer, Main 
Combustion Chamber 


DRAWING 

NUMBER 


1.1. 5. 2-2 & 4.1. 5.2-2 Valve 
Control Harness (All Electric 
Valves) 



FUNCTION OF 
COMPONENT 


Conduct 28 vdc from engine con- 
troller to spark exciter on com- 
mand . 


Conduct dc and ac power from con- 
troller to valves 



* Critical components 


00 


CO 


FAILURE MODE 

PROBABILITY OF 

PRIMARY 

REDUNDANT 

MALFUNCTION OCCURRENCE 

Loss of continuity, or high 
resistance in primary har- 
ness, or loss of conduction 
due to short. 


Low 

Loss of redundant harness 


Low 

See individual valves - 
Failure mechanisins of har** 
ness result in loss of 
power conduction, which is 
a fail-to-operate or pre- 
mature closure mode in- 
cluded under each electric 
valve , 


Low 



















FAILURE MODE AND EFFECTS AHALVSI5 


SYSTEM: I 0 & 4 0 
SUBSYSTEM 1.14 4.1 


ASSOaiY: 1.1.SS4.1.S 


FAILURE EFFECT ON 


SYSTEM 


RECOi«EI!DATIONS FOR 
DEreCTIOH METHOD 


OTHER RECOfHEKOATIOHS 



HISSIQil 



CATCGQftY 





B(4> 

C(4> 


OcbLCcr; 

A(4) 

B(4) 

C(4) 


Boosccc: 

A(4) 

B(2B) 

C(4) 


Orbitcc; 

AC4) 

B(4> 

C(2A) 
























PRIMARY 


FAILURE MODE 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Open circuit. 
Short circuit. 


Low 

Loss o£ insulation 
resistance 


Medium 

Same as above. 

• 

LoV7 
















SUBSYSTEM 


te»6 o£ redundaoey 


Loss of redundancy 


FAILURE EFFECT ON 


SYSTEM 


FAILURE MODE AND EFFECTS ANALYSIS 


RECOKMEI.DATIONS FOR 
DETECTION METHOD 


SYSTEM 1 0 & 4 0 
SUBSYSTEM 1.1 S4l 


OTHER RECOMKENOATIONS 


ASSEMBLY 1.1.5 & 4 1.5 
SHEET J. of 


Xf dcceeced prior to cnglna start 
possible launch delay. I 



Shunt callbiatlons» plus coopaclson of 
redundant cluinncls 


If decocted prior to engine start ** SliunC calibrations, plus comparison of 
possible launch delay redundant channels 



HISSION 

'''^Rinci^^ 

CATEGORY 

Booster 

A(4) 

B(3) 

c{4) 


Orbltor 

A(4) 

B{4) 

c(4) 


Booster: 

A(4) 

B(2B) 

C(4) 


Orblccr 

A<4) 

B<4> 

C(2A) 


Boaster' 

A(4) 

B(2B) 

C(4) 


Orbit er 

A(4) 

B(4) 

C(2A) 
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COMPONENT IDENTIFICATION 


DRAWING 

NUMBER 


FUNCTION OF 
COMPONENT 


NAME 


1 1.5.4 & 4. 1.5. 4 Sensors - 
Pressure (continued) 


Provide pressure data for control 
loops (primary). 


1 1.5.4 & 4. 1.5. 4 
Pressure 


Sensors - 


Provide pressure 
loops (primary). 


data for control 
(Backup) 


1.1. 5.4 & 4. 1.5. 4 
Temperature 


Sensors - 


Provide temperature data for 
mixture ratio control loop 
(primary) . 


1.1. 5. 4 & 4 1.5.4 
Temperature 


Sensors - 


Provide temperature data for 
mixture ratio control loop 
(primary) . (Backup) 


FAILURE MODE 

PROBABILITY OF 

PRIMARY 

REDUNDANT 

MALFUNCTION OCCURRENCE 

Change of output: sens!** 
tlvity with pressure. 


Medium 


loss of signal; reduction 
of sensitivity; zero off- 
set (appears as a change 
In sensitivity during 
operation) ; change of out- 
put sensitivity with 
pressure. 




























FAILURE NODE AND EFFECTS ANALYSIS 


SYSTEM 


ASSEWSLY- 1 1.5 a A.l 5 
































COMPONENT IDENTIFICATION 


FAILURE MODE 


1.1 S.4 & 4.1 5.4 Sensors 
Flow (turbine meters) 



FUNCTION OF 
COMPONENT 


Provide volumeric flow data for 
mixture ratio control loop. 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Loss of signal, one coil. 


Provide pressure data for control 
loops (primary) . 


Erratic output signal, 
loss of signal (in both 
colls simultaneously) ; 
or loss of output from 
second coll after loss 
from first coll. 


Loss of signal. 



Reduction of sensitivity. 


Improper output from shunt 
steps. 



B-S4 






















FAILURE KODE AND EFFECTS ANALYSIS 


SYSTEM 


1 0 & 4.0 


ASSEMBLY 1.1 5 & 4 1.5 


SUBSYSTEM i.i & 4 1 

SHEET _I__ of 

FAILURE EFFECT ON 



MISSION 

OPERATIONS 


SUBSYSTEM 

SYSTEM 

MISSION 

DETECTION MEHtOO 

OTHER REC0KHEN0ATI0H3 



CATEGORY 

Lqm oE rcdundaacy “ taiaor in~ 
crcASc la ercor bond of taixCuro 
raelo control 

Mo effect. 

If detected prior to cocine 
start - launch delay possible 


Continuity check Comparison with 
redundant coll output 


Booster A(4) 
B(3) 
C(4) 








Orblter: A<4) 
B<4) 
C<4) 


Lobs of redundant flow moas. 
Uso of backup system results 
In an Incrcaecd error band 
In H R. control 

Booster Ko effect* 
Orblcer Ko effect. 

Booster. Mb effect 
Orblter No effoct. 

Comparison of both colls 


Booster; A(4) 
B<2B) 
C(4) 

Orblter. A(4) 
B(4) 
C(4) 

Losa of redundancy, nlnor In** 
crease in error band of niixturc 
ratio control. 

No effect 

If detected prior to engine 
start, launch delay possible 


Comparison of redundant data channels, 
shunt callb check may be used on 
ground tests. 


Booster. A(4) 
B(2B) 
C(4) 








Orblter: A(4) 
B(4) 
C{4) 


Some ao above 

Sane as above 

Sane as above 


Same as above 


Booster* A(4) 
B(2B) 

0(4) 








Orblter A(4) 
B(4) 
0(4) 


Some as above 

Sane as above. 

Some as above 


Samo'as above 


Booster; A(4) 
B(2B) 
0(4) 








Orblter A(4) 
S(4) 
0(4) 


Sane aS above 

Same as above 

Sane as above 


Some as above 


Booster A(4) 
B(2B) 
C(4) 








Orblter A(4) 
B(4) 
0(4) 

C0 

<n 

UT 






































COMPONENT IDENTIFICATION 


DRAWING 

NUMBER 


FUNCTION OF 
COMPONENT 


NAME 


1.1,6 1 Fuel Tank Press urant 
Check Valve 


1 1 6.2 Oxidizer Tank Pres- 
surant Check Valve. 


1.1.6 3 Oxidizer Heat 
Exchanger 


1164 Interconnect Lines 
Hot Gas Inlet 
Hot Gas Outlet 
Oxid Inlet 
Oxid Tank Pressure 
Fuel Tank Pressure 


Prevent backflow of tank GJia Into 
engine. 


Prevent backflow of tank gox into 
engine 


Heat oxidizer to desired thertio- 
dynamic conditions for main oxid 
tank pressurization 


Conduct fuel rich gas to and from 
1 1.6.3. Conduct oxid to 1 1 6.3 
Conduct oxid from 1 1.6 3 to in- 
terface. Conduct GH 2 from check 
valve to Interface. 


07 


I 

a> 


FAILURE MODE 

PROBABILITY OF 

PRIMARY 

REDUNDANT 

MALFUNCTION OCCURRENCE 

Failure to open. 


Low 

Failure to close at 
shutdown. 


Medium 

Failure to open. 


Low 

Failure to close 


Medium 

Ho primary failure mode 
other than gross struc- 
tural 


Low 


All: No primary failure 

mode other than gross 
structural 


Low 




















1% flov now goes through engine 
Slight change in K R 


failure effect on 


SYSTEM 


Asautolng one engine can supply 
sufficient gos for tonk No 
effect 



GK^ In manifold volume vould ex** Tank exhaust through nozzle On 
hauat out of malfunctioning check reentry propellent tank would 
valve No adverse effect probably collapse Inability to 

fill at adequate rate 


Possible reentry hazard, mlssioa 
tomlnatlon 


FAILURE MODE AND EFFECTS ANALYSIS 


RECOMMENDATIONS ‘FOR 
DETECTION METHOD 


Valvo position discrete. 


Valve position discrete, leak check at 
sched Dtalnt cycle 


SYSTEM 1 0 & U.0 
SUBSYSTEM l.l & 4.1 


OTHER RECOMHENOATIONS 


Need check valves with bullt'in pcox- 
imity sensors 


Redundant shutoff required 


ASSEMBLY* 1 I 4 a 4 1 4 

SHEET of I 



Same as above except that manifold Same os obove 
volume vould be evacuated only 
when oxld valves arc opened 


Syscom leak checks at sched malnt 
cycle 


Design and test for adequate safety 
mcgln 



MISSION 

^OPERATO 

CATEGORY 

Booster 

A(« 

B(4) 

C(A) 


Ocbltcr: 

A(4) 

B(A) 

C<2B) 


Booster 

A(4) 

B(4) 

C(IS) 


Orbitcr 

A{4> 

B{4) 

C(1S) 


Booster 

A<4) 

B{4) 

e<4) 


Orbitcr 

A(4) 

B(4) 

C(4) 


Booster 

A(4) 

B(4) 

C<1S) 


Orbitcr 

A(4) 

B(4) 

C(1S) 


Booster 

A(4) 

B(4) 

C(4) 


Orbitcr 

A(4) 

B<4) 

C<4) 


Booster 

A(4) 

B(4) 

0(4) 


Orbitcr 

A(4) 

B<4) 

0(4) 

0 

ij 



































COMPONENT IDENTIFICATION 


DRAWING 

NUMBER 


FUNCTION OF 
COMPONENT 


I 


1,1.7,1-la 


NAME 


Preburner Oxidteer 
Purge Solenoid 
Valve 


Provides helium to preburners. 
Oxidizer circuit downstream of 
shutoff. For purging prior to 
FSi and after FSa, purge is on 
prior to launch on both stages, 
and orbiter purge remains on 
during boost phase. 


FAILURE MODE 


PRIMARY 


Fails to open at start, 
or premature closure at 
start. 


Fails to close at start 
of engine. 


Fails to open at shutdown, 
or premature closure. 


Falls to close after 
shutdown. 


Operates slowly. 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Low 


Low 


Low 


Low 


Low 
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FAIIURE MODE AND EFFECTS WALYSIS 


SYSTEM 1.0 & 4.0 
SUBSYSTEM l.L & 4.1 


ASSEMBLY 1.1.7 & 4.1.7 

SHEET 1 of S 



B-59 






































COMPONENT IDENTIFICATION 


DRAWING 

NUMBER 


1.1.7.1-lb & A, 1.7.1-lb 
Main XCA Fuel Purge Solenoid 
Valve 


FUNCTION OF 
COMPONENT 


Provides helium purge to entire 
engine system fuel circuits 
downstream of main fuel valve. 
Required prior to FSi for air/ 
moisture evacuation; Fost-FS 2 to 
control shut down mixture ratio. 
Operates on 28 vdc| command, 
fails closed on loss of power. 


FAILURE MODE 


PRIMARY 


Pails to open prior to 
start, or premature 
closure at start. 


Pails to close at start. 


Opens slowly at start. 


Fails to open at shutdown, 
or premature closure at 
shutdown. 


Fails to close after 
purge complete. 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Low 


Low 


Low 


Low 


Low 
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FAIIURE MODE AND EFFECTS ANALYSIS 


SYSTEM 1.0 & 4.0 


ASSEMBLY 1.1.7 & 4.1.7 


FAILURE EFFECT ON 

SUESYSTEH 

SYSTEM 

Booster Probable liquid air In 
fuel system st start, 
probable detonation 
Orblter No effect 

Booster Possible failure to 
start due to ice in 
system 

Orblter. Ho effect 

(altitude start) 

Check valve provides shutoff 
redundancy. Slight change In 
start chacaetcrlstlc due to 
excess helium. 

Ho effect 

No effect. 

No effect. 

Possible M R. problem resulting 
in main Injector damage. 

No effect. 

No effect. 

Excessive helium usage 


Booster 

Orblter 


No effect. 


No effect. 


No effect. 


No effect. 


SUBSYSTEM 1.1 & 4.1 


MISSION 

RECOHMEI’DATIOHS FOR 
DETECTION METHOD 

OTHER RECOMMENDATIONS 

MISSION 

OPERATICNS____,..-^^ 
CATEGORY 

Probable loss of 
redundancy 
Ko effect 

1 

Valve position discrete 

Interlock with start sequence 

Booster A (4) 
B<2B) 
C(4) 

Orblter. A(4) 
B(4> 
C(4) 


Valve position discrete 


Booster A(4) 
B(4) 
C(4) 

Orblter A(4) 
B(4) 
C(4) 


Valve poaleion discrete, 

vlth functional check at maintenance 

cycle. 


Booster A(4) 
B(4) 
C(4) 

Orbitcc A(4) 
B(4) 
C(4) 


Valve position discrete 

Main injector Inspection at 
maintenance cycle. 

Booscer A(4) 
B(4) 
c(4) 

Orblter > A(4) 
B(4) 
C<4> 


Valve position discrete. 


Booster A(4) 
B(4) 
C(4) 

Arbiter* A<4) 
B(4) 
C(4) 






































COMPONENT IDENTIFICATION 


DRAWING 

NUMBER 


FUNCTION OF 
COMPONENT 


NAME 


1.1.7 l-lc {. 4.1.7.1-lc 
Main XCA Oxidizer Purge 
Solenoid Valve 


Provide on-off control of helium 
purge to main combustion chamber 
oxidizer passages, to prevent ice 
formation and Hs entry prior to 
start, and to control mixture 
ratio at shutdown. 


CD 


FAILURE MODE 

PROBABILITY OF 

PRIMART 

REDUNDANT 

MALFUNCTION OCCURRENCE 

Fails to open prior to 
start. 


Low 

Fails to close prior to 
start. 


Low 

Fails to open at shutdown 
or' opens slowly at 
shutdown, or premature 
closure* 


Low 

Fails to close after 
shutdown* 


Low 

Opens slowly at start. 


Low 




















FAILURE EFFECT ON 

SUBSYSTEM 

SYSTEH 

Mission 

FosdlbXc loss ol chamber 
pcrEonaanca, 

Burnouc with prenaturc shutdown. 

Booster Loss of redundancy 
Ocblter No effect 

(altitude start) 

Mo effect 

Cheek valve provides shutoff 
cedundoncy* slight change in 
atort charoctoristle. 

No effect. 

No effect. 

Probable injector damage. 

No effect. 

No effect. 

Mb effect. 

Excessive use of GHc 

Ho effect. 

Ho effect. 

Ho effect* 

No effect. 


FAILURE MODE AND EFFECTS ANALYSIS 

SYSTEM 1*0 & 4*0 
SUBSYSTEM 1.1 & 4.1 

ASSEMBLY 

1.1.7 & 4.1,7 
SHEET 3 of 3 


REC0M7IEUDAT10N5 FOR 
DETECTION METHOD 


Mission 

^OPERAT^^ 

^ 


OTHER RECOIIMENDATIONS 

CRITICALITY 

CATEGORY 


Valve position discrete. 

Interlock with start sequence. 

Booster. A(4) 
B(2B) 

C(4) 

Orbitcr A(4) 
B(4) 
C(4) 


Valve position discrete. 


Booster A (4) 
B(4) 
C(4) 

Orbitcr* A(4) 
Btt) 
c<*) 


Valve position discrete 

Injector inspection at (oalntcnancc 
cycle, possible malfunctioning engine 
on next flight 

Boooter A(4) 
B(4) 
0(4) 

Otblters A(4) 
B(4) 
0(4) 


Valve position discrete 


Boaster A(4) 
B(4) 
0(4) 

Orhiters A(4) 
J}(4) 
0(4) 


Valve position discrete 

Probably will open slowly at shutdovm. 
Functional at maintenance cycle 

Booster. A(4) 
B(4) 
0(4) 

Orbitcr. A(4) 
»(4) 
0(4) 


% 


! 
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COMPONENT IDENTIFICATION 


FAILURE MODE 


1 

NAME 

117 1-ld 

High Pressure OTPA 

Cavity Seal Purge Valve, 

Solenoid* 


117 1-le 

Engine System Purge 

Control Solenoid Valve, 

\ 


1 1 . 7 , 1 -if 

Two-Way GNs/GHe 

Select Solenoid Valve, 

' 



DRAUING 

NUMBER 



FUNCTION OF 
COMPONENT 


Provide on-off control of helium 
purge to the cavity seal between 
the o^ldizer and fuel effluent 
from the high pressure OXPA pump 
and turbine, for overboard dump. 

To be on prior to loading propel- 
lants and during engine burn, 
booster and orbiter. This valve is 
is designed to fail open. (Un- 
energized open.) 


Provide on-off control of purge 
gases to main fuel and oxidizer 
suction lines prior to propellant 
loading. Selects: 1) Puel Line, 

2) Oxid line, 3) Both on, A) 

All off. 28 vdc valve, multiple 
inputs, fails to all-off position 
on power loss Valve must be in 
"both-on" position prior to pro- 
pellant loading, and must be in 
off position at the start of load- 
ing. 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Pailure to open prior to 
loading propellants and 
engine start. 


Falls to actuate to oxid 
position. (Or "both") 



Palls to actuate to fuel 
position (or "both") 


Pails to return to off 
position at loading 


Provide selection of GN 2 or GHe as Fails to shuttle to GHa 

purge gas, prior to propellant position, or to return to 

loading, and during flight Fails GHe position. 

in GHe position with loss of power 

Must be in GHe position prior to 

fuel purging, and prior to prop. 

loading. 
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FAILlfRE MODE AND EFFECTS ANALYSIS 



Possible moisCuro In sysCccn En- 
gine falls to come to full power » 
possible TPA damage due to plugged 
passages Frcmatuco shutdown 


Same as above 


IIqIIuoi would enter £vol> o'fld^ or 
both suction lines during loading 
No effect 


No effect Intorlock system and 
procedure requires Gilo position for 
preload purge Ei^ccssive use of 
GUc on ground If valve failed to 
shuttle to GN;^ position 



Orbltcr Launch delay j Orbltcr No effect 



RECOMMENDATIONS FOR 
DETECTION METHOD 


Valve position discrete 


Valve position discretes 


Same as above 


Valve position discrete 


Valve position discrete 


SYSTEM 1 0 & 4 0 
SUBSYSTEM 1 i & 4 1 


ASSEraLY 1.I7&4.17 


SliEET 1 of 1 



J 


Orbltcr: A(4) 
B<C) 
C(4) 


s3-a 































COMPONENT IDENTIFICATION 


DRAWING 

NUMBER 


1.1.7.1-2a & A.1.7.1-2a 
Oxidizer Preburner Oxidizer 
Inlet Purge Check Valve 



FUNCTION OF 
COMPONENT 


Prevent backflow of oxid from 
reaching purge shutoff valve, and 
from reaching fuel preburner check 
valve Must flow through during 
purging. 


1.1.7.1-2b i 4.1.7.1-2h Fuel 
Prebumer Oxidizer Inlet 
Purge Check Valve 


Prevent backflow of oxidizer from 
reaching purge solenoxd valve. 
Must flow-through during purge 


FAILURE MODE 

PRIMARY REDUNDANT 

Fails to open during pre- 
start purge. 


Fails to close after pre- 
start purge. 


Fails to open at postflre 
purge . 


Fails to close after post- 
fire purge. 


Failure to open at start of 
purge before FS-i 


Failure to close at end of 
prestart purge. 


Failure to open at shut- 
down purge after FS-2 . 


Failure to close at shut- 
down purge. 



PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Low 


Low 


Low 


Low 


Low 


Medium 


Low 


Low 
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FAILURE MODE AND EFFECTS ANALYSIS 


SYSTEH 1 0 & 4 0 
SDBSYSTCW 1 1 ic 4 i 


ASSEKOLY 1 1 7 & 4 L.7 

SLEET I of 2 
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COMPONENT IDENTIFICATION 


1.1 7.1 2c & 4.1.7.1-2C Main 
TCA Fuel Inlet Purge Check 
Valve 


FAILURE MODE 


DRAWING 

NUMBER 



FUNCTION OF 
COMPONENT 


Prevent backflow of Ha from reach- 
ing solenoid valve. Must flow- 
through during purge. Redundant 
backflow shutoff. 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Pails to open at pre-FSi 
purge. 


Pails to close at end of 
pre-FSi purge 


Fails to open at shutdown 
purge (PSa) 


Pails to close at end of 
post PSa purge 




















FAILURE EFFECT ON 


SYSTEll 


Booster Loss o£ redurdancy 


Uia reaches shutoff solenoid valve No effect 
Loss of shutoff redundancy 


Possible M ?. problcn resulting in No effect 
injector danage 



FAILURE MODE AND EFFECTS ANALYSIS 


RECOHJIEI.DATIONS FOR 
DETECTION METHOD 


Valve position dlftcrece 


Valve position dlscccto^ leek check at 
(nalnt cycle 


Valve position discrete, functional 
check at malnt cycle 


Leok check at malnt cycle 


SYSTEM t 0 & 4 0 
SUBSYSTEH l l & 4 I 


OTHER RECOMHENOATIONS 


Interlock with start sequence 


ASSEH8LY 1 1»7 & 4 1.7 

SHEET 2 of 2 



valve failed to close tight (Secondary 
faxlurc ) 


MISSION 

^oper™ 

CATEOORY 

Boosccc 

A(4) 

B(2B) 

C(4) 


Ocbltcr 

A<4) 

B(4) 

e<4) 


Booster 

A(4) 

B(4> 

CC4) 


Orbiter 

A(4) 

B(4) 

C(4) 


Booster 

A(4) 

B(4) 

C(4) 


Orbiter 

A(4) 

B(4) 

c<4) 


Booster: 

A(4) 

B(4) 

C(4> 


Orbiter 

A(4) 

B(4> 

C(4) 
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1.1.7 l.-2d & 4.1.7.1-2d 
Main TCA Oxidizer Purge 
Check Valve 


Prevent liquid oxidizer from 
reaching solenoid valve. Must 
flow through during purge i 



UJ 


FAILURE MODE 


PRIMARY 


Fails to open at pre-FSi 
purge , 


Fails to close at end of 
pre-FSi purge* 


Falls to open at shutdown 
purge (FSa). 


Falls to close after FS^ 
purge * 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Low 


Medluiti 


Low 


Medium 

















FAILURE EFFECT ON 


SUBSYSTEM 

SYSTEM 

MISSION 

Possible loss of chamber 
pcrformoncc* 

Burnout vith premature shutdown. 

Booster Loss of redundancy 
Orbltct Mo effect 

(aieicuda ocarc) 

Booster* Mo effect 
Orbitcr* Nb effect 


FAILURE MODE AND EFFECTS ANALYSIS 


RECOMMENDATIONS FOR 
DETECTION HETN03 


Valvii pofllclon discrete* 


SYSTEM X.O & 4.0 
SUBSYSTEM l.l & 4.1 


OTHER RECOMMENDATIONS 


Interlock vlth start sequence 


1.1.7 & 4.1.7 
SHEET 1 of 3 


Lobs of shutoff redundancy - 
loK reaches shutoff solenoid 
valve. 


Probable injector damage 



KISSIOri 

^OPERA^^ 

CATEGORY 

Booster: 

A(4) 

B(2B> 

o(4> 


Orbiter: 

A(4) 

B(4) 

C(4> 


Booster* 

A(4) 

B(4) 

C(4) 


Orbitcr: 

A(4> 

BC4> 

C(4) 


Booster* 

A(4) 

B(4) 

CC4) 


Orbitcr: 

A(4) 

B<4) 

C(4) 


Booster: 

A(4) 

B(4) 

C{4) 


Orbitcr; 

A<4) 

B(4) 

C(4) 
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COMPONENT IDENTIFICATION 


1 1.7.1-2f S 4.1.7.1-2f Fuel 
Suction Line Purge Check Valve 


1.1.7.1-2g 4 4.1.7.1-2g 
Oxidizer Suction Line Purge 
Check Valve 



FUNCTION OF 
COMPONENT 


Provide redundant shutoff to 
prevent back flow of fuel into 
purge aystem.'and possibly into 
oxidizer system. (Depends upon 
design of l.i.7.1-le.) Must flow 
through during purge. 


Provide redundant shutoff to 
prevent back flow of oxidizer 
into purge system, and possibly 
into fuel system (depends upon 
design of l.l,7.1*le). 


FAILURE MODE 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

PRIMARY 

REDUNDANT 

Fails to open during 
purge prior to propellant 
loading • 


Low 

Fails to close at end of 
purge prior to propellant 
loading . 


Low 

Pails to open during 
purge prior to propellant 
loading. 


Low 
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fAILURE MODE AND EFFECTS ANALYSIS 


FAILURE EFFECT OH 


SUBSYSTEM 

SYSTEM 

MISSION 

DETECTION METHOD 

Loee o£ purge • probable fenoaclort' 
of ice In fuel engLno ' 

falli to aCarb 
(see reeemtBendaeiono) • 


Possible launch delay 

1 

Valve position discrete. 

purge check at maintenance cycle. 

Loss of backflow shutoff 
redundanc/« 

Nc effect. 

No effect 

Valve position dlscrctOj 

Leak checks at maintenance cycle* 

Loss of purge “ probable fensatlon 
of Ice In oxidizer system. 

Possible engine failure come Co 
tTFL. Ppaslbla turbopump damage 
due to plugged passage 
(see recommendations). 


Possible launch delay 

Valve position discrete^ 

purge check at meintcnance cycle* 

Loss of backflow shutoff 
redundancy 

No effect. 1 

1 

! 

i 

1 

1 

No effect. 

Valve position discrete, 

leak checks at maintenance cycle 

1 1 































4.1.8 1 


4. 1.8. 2 


COMPOHENT IDENTIFICATION 

FUNCTION OF 
COMPONENT 

NAME 

DRAWING 

NUMBER 

Extendible Nozzle 
(orblter only) 


Remove heat from combustion gas 
and discharge by radiation. 
Contain internal thrust^ side 
loads 9 transmit loads to orblter 
nozzle. Provide seal and lock at 
orblter nozzle interface. 

Extendible Nozzle 
Coolant Valve 
(orblter only) 

! 


Provide on-off control of fuel 
flow from low pressure TEA dis- 
charge to orbiter nostle mani- 
fold, to provide film cooling of 
extendible nozzle, sealing sur- 
face, and aft supports of nozzle 
deployment kit. 


FAILURE MODE 

PROBABILITY OF 

PRIMARY 

REDUNDANT 

MALFUNCTION OCCURRENCE 

Crack, or other struc- 
tural failure, leading 
to loss of a section or 
all of nozzle. 


Low 

Failure to open. 


Low 

Opens slowly. 


Low 

Closes prematurely 


Low 

Failure to close at 
shutdown. 


Low 

Excessive seat leakage. 


Low 
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FAILURE MODE AND EFFECTS ANALYSIS 


SYSTEM 


ASSEIBIY 4 L a 









































COMPONENT IDENTIFICATION 


4.1.8 3 Extendible Nozzle 
Deployment Xit (Or biter Only)>> 


FAILURE MODE 


DRAWING 

NUMBER 


FUNCTION OF 
COMPONENT 


Extends and retracts nozzle in re- 
sponse to power commands Exten- 
sion required. Prior to shutdo™ 
in booster, and after orbiter .shut- 
down, Double redundancy drive 
mechanism, lock/seal drive raecha- 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Primary system fails to ex- 
tend or retract nozzle or 
stopping at intermediate 
position 


Secondary system fails to 
extend nozzle or stopping 
at intermediate position, 
slow extension. 


Distortion of guide struc- 
ture on landing 


Failure of primary lock 
drive mechanism at locking. 


Failure of secondary lock 
drive mechanism at locking. 


Secondary nozzle extension 
drive mechanism or lock 
drive mech, fails at re- 
traction 



* Critical components 
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FAILURE MODE AND EFFECTS ANALYSIS 




SvSSYS“£'i 


Loss 01 drive redundancy 


Lou petforDance, hot gas leek« 
possible engine daoagc 


FAILURE EFFECT ON 


SYSTEM 




'kcducod £ila coolant flow inside Possible loss of one engine 
nozzle, possible nozzle dQoogc» 
possible engine loss 


Loss of nozzle on reentry Loss of nozzle 


RECOMMELDATIONS FOR 

DETECTION HETHOD 


Kozzlo position discrete (fully ex- 

tended, fully rctratted) 

Motor 

current 


Nozzle extension discrete 

(fully ox- 

tended, fully retracted) 

Kotor 

current 


Functional tost at malnt 

cycle 

Lock position discrete trotor current 


SYSTEM 4 0 
SUBSYSTEM 4 1 


OTHER RECOMMENDATIONS 


ASSEMBLY 4 18 

SHEET 2 of 2 



Test both prinery end redundant drive 
ncchfinisms at inaincenQncc cycle 


Effect could be inability to extend 
nozzle on next flight 


Possible mission loss 


Koentr> hazard 


Lock position discrete inotor current 


Lock position discrete nozzle position 
discrete Kotor current 




MISSION 

' CRHICA^ 

CATEGORY 

Orb Iter 

A<4> 

B(2B) 

C<4> 


Orbltcr 

A(« 

B(2B) 

C(2A> 


Orbiter 

A(4) 

B<4) 

0(4) 


Oebteer 

A(4) 

B(4) 

0(4) 


Orbiter 

A(4) 

B(4) 

C(2A> 


Orbltcr 

A<4) 

B(4) 

C(IS) 
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COMPONENT IDENTIFICATION 

FUNCTION OF 
COMPONENT 

NAME 

DRAWING 

NUMBER 

1,2 1 1 Oxidizer Feed line - 
(Vacuum Jacketed) 

1-lA 1-6A L-4B 

1-2A 1-7A L-5B 

1-3A 1-lB 1-6B 

L-4A 1-2B 

1-5A L-3B 

Supplies IOq to AJ**400 main 
engines. 

4 2 11 Ossidizer Feed lines 
(Vacuum Jacketed) 

1-4A 1-4B 

1-13A L-13B 


1212 Oxidizer Prevalve 

V-77A V-82A V-80B 
V-78A V-83A V-81B 
V-79A V-77B V-82B 
V-80A V-78B V-83E 
V-81A V-79B 

Safety valve - isolates engine 
from oxidizer source 

4.2 1 2 Oxidizer Isolation 
Valve 

V-IA V-IB 

V-2A V-2B 



\ 



FAILURE MODE 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

PRIMARY 

REDUNDANT 


1) Minor leakage 


Low 

2) Major leakage 


low 

3) loss of vacuum in line 


Medium 


1) Fail open. 


Low 

2) Fail closed 


Low 

3) Fail to relieve at 
specified back 
pressure 


tow 

4) Valve leaks past seat. 


Medium 
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FAILURE EFFECT OH 

SUBSYSTEM 

SYSTEM 

MISSION 

1) )4«gliglbl« - excato oxldisor 
rich attrospherc in vicinity of 
leah Subsystem volume eapoble 
of absorbing minor leakage 

1) Kono 

1) Mone 

2) Degraded performance associ- 
ated main engine excessive 
OKidliev loco 

2) Total performance grossly 
reduced 

2) Probable mission termination 

3) Loss of ability to maintain 
engine inlet conditions 

3> Loss of engine 

3) Mo effect on mission if only 
one booster engine Is shutdown 

1) Ko direct effect duo to 

required normally open condi- 
tion for operational mode 

1) Ho dlxecC effect Secondary 

engine shut off capability 
impaired 

1) Me effect on tniaslon 
performance 

2) Shutdown of affected engine 

2) Mo performance degradation 
Remaining engines sequenced 
to emergency power level 

2) Mo degradation to mission 

i 

3) Kq effect - valve opened by 
command or loss of poucr 

3) Ho effect - redundart relief 
function 

3) Ho eflect 

A) Ko effect - engine valve used 
as shutoff mechanism 

A) Mo effect - secondary shutoff 
system capability 

A) No effect 


FAILURE MODE AND EFFECTS ANALYSIS 


RECOmEUDATIONS FOR 
DETECTION METHOD 


1) Kfiznrdoufl gxis deccecor 


SYSTEM 1 0 and i 0 
SUBSYSTEM I 2 aud 4 2 


OTHER RECOMMENDATIONS 


1) Engine comperCment relief end purge 


ASSEH8LY 1 2 1 and A 2 1 

SHEET 1 of 1.. 


MISSION 

OPERATIONS 


CRITICALITY 

CATEGORY 




prevent: Implosion of the pressure 
csrxlcr in the event of e high 
pressure condition In the annulus 


2) A(A) 
B(2B) 

ca ) 


A<A) 

B(2B) 

C<2A) 


1) Valve position IndlqatOC 



3) Pressure measurement domistreom of 3) 14onc 
valve 


A) Pressure measurement downstream of A) None 
valve 




CO 

CO 



















































FAILURE MODE 


PRIMARY 


1 ) 

2 ) 

3) 

4 ) 

5) 


Failed open. 

Failed closed. 

Fails to relieve at 
specified backpressure. 
Leakage past valve 
seat 

Major flange leakage 


1 ) 

2 ) 

3) 


4) 


5) 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Failed open. 


Low 


Failed closed. 

Fails to relieve at 
specified back- 
pressure 

Leakage past valve 
seat . 

Major flange 
leakage 


Low 

Low 

Medium 

Low 
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FAILURE MODE AND EFFECTS ANALYSIS 


SYSTEM 10 
SUBSYSTEM I 2 


ASSEMBLY 


1 2.2 


FAILURE EFFECT OR 


SUBSYSTEM 

SYSTEM 

MISSION 

detection method 

Ko effect - repaired to be open 
foi operation 

Terminates approximately one half 
of the main lOg flow. 

No effect > valve 1 b opened 
Qlcettrioally 

Ito effect 

Loes of transCerrablc propellant 

Postfiring tank Isolation not 
possible 

System psctiolly operative main 
enginca starved of oxidizer 

Ho effect - redundant relief 

mode fox systOD 

Ko functional effect emergency 
isolation of main tank propellant | 
is comproinlscU, 

System partially operative main 
engines starved of oxidizer 

Ko effect 

Probable mission termination 
Hone 

Hone 

Probable mission terndnntlon 

Valve position indicator 
Valve position Indicator. 

Pressure messurooent downs tccaca of 
valve 

Pressure measurement dowsatream of 
valve 

Dovnstresm pressure mcaBurcmcnCs 


OTHER RECOMMENDATIONS 

Delete eoopoccat rcqulreoenc foe chts 
valve 

A higher deslga safety factor for the 
dlotrlbuclon line would clielnatc the 
need for this component 

Saoc as above 


SHEET 1 of 1 



m) 

c(4> 

2 > 

a(3,2B) 

C(2A) 

3) A<4) 
B(4) 
C(4) 

4) 4(4) 
B<4) 
C(4) 

5) A(4) 

S(Z4) 

C(2A) 
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03 


1 2 4,2 
1 2 9.3 

4. 2.3. 2 


1.2 4.3 
1 2 . 8.2 

4 2.3.3 


1.2 3.2 
1 2 8.3 


4 2.2,2 
4 2 7 3 


1 . 2 . 8, 2 
4 2.7 2‘ 


COMPONENT IDENTIFICATION 

FUNCTION OF 
COMPONENT 

FAILURE MODE 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

NAME 

DRAVJING 

NUMBER 

PRIMARY 

REDUNDANT 

Oxidizer Fill Valve 

V-7A V-7B 

Provides positive shutoff for 

I) Fails open, minor 


Low - medium 

Fuel Fill Valve 

V-19A V-19B 

propellant full and dram 

internal leakage, major 


Low 

(Booster) 


Valve incorporates internal relief 

internal leakage. 


Medium 

Oxidizer Fill Valve 

V-7 

feature. Precluding overpressure 

2) Fails closed 


Low 

(Orbiter) 


condition between valve and fill 

3) Major external leakage 


Low 



coupling 

(upstream flange) , 






4) Major external leakage 






(downstream flange) . 






5) Fails to relieve at 






designed back pressure, 



Oxidizer Fill Coupling 

C-IA C-IB 

Provides coupling for GSE fill 

1) Fails closed or minor 


Low ' medium 

Fuel Fill Coupling 

C-5A C-5B 

line. Provides low level 

internal leakage. 


Low 

(Booster) 


propellant loss capability during 

2) Major leakage, internal 



Oxidizer Fill Coupling 

C-1 

disconnection 

or external, falls open. 



(Orbiter) 






Oxidizer Vent Valve 

V-3A V-16A V-SB 

Provide safety /prepressure control 

1) Fa3.1s open or internal 


Low 

Fuel Vent Valve 

V-4A V-17A V-6B 

and automatic venting capability 

leakage . 



(Booster) 

V-5A V-18A V-15A 

for the main propellant tank. 





V-6A V-3B V-16A 






V-15A V-4E V-17A 



Fails open, internal 

Very low 


V-18A 



leakage, or major 






leakage upstream of 


Oxidizer Vent Valve 

V3, V4, V5, V6 



valve package 



VIO, Vll, V12, V13 





(Orbiter) 



2) Fails closed 

■ 

Low 





Fails closed 

Very low 

Fuel Tank Vent Coupling 

C-3A C-3B 

Provides rapid connection and 

Structural failure only. 


Low 

(Booster) 


disconnection between stage and 




Fuel Tank Vent Coupling 

C-3 

ground vent system. 





(Or biter 





























FAILURE EFFECT OH 


FAILURE MODE AND EFFECTS ANALYSIS 


RECDKMENDATIDHS FOR 
DETECTION METHOD 


SYSTEM: 1 0 i 4 0 

SUBSYSTEM 1 2 & 


OTHER RECOKHENDATIONS 


ASSEMBLY 1.2*3, 1 2.4, 1 2.8, 1.2.9 
4 2.3, 4.2.4, 4.2.8, 4.2.9 


MISSION 

OPERATIONS^^^^ 

CWncAL^ 


CATEGORY 


1) Ho effect - checking ocebenisa! 1) Ho offocc due to ehucof f 


of fill coupling oaintelod 
leak Ineegrity 


2) Mo effect - velve is nocoally 1 2) Ko effect 


redundancy of coupling check/ 
shutoff sicchanlso 


closed during flight 

3) Mo effect > upstceain line 
inactive during flight 

4) Sub&ysten operation Itopaircd 

5) No effect - coupling relief 
BtcchenlsiQ opens under 
overpressure 


1) Mo effect - no priiaary 
function In fligtit 

2) Mo effect - fill valve 
provides positive propellant 
shutoff 


No effect due to scries 
redundancy 


Loss of tank pressure 


Mo effect due to parallel 
Valve redundancy 


HIoIbiuiq operational effect 


3) Mo effect 

4) Degraded pevfotxaancn due to 
aajor loss of oxidlrer 

5) No effect 


1) No effect 

2) No effect 

3) Ko effect 

4) Mission flight tcrnlRotion 
3) No effect 


1) No effect 
2> No effect 


System operation impaired System Mission termination 
unable to nolntain required 
propcilont presEure Hals engine 
bceomea inoperative 


[Possible hazard to propellant Possible mission terminaclon 

tanks 


1) Valve position Indicator 

2) Valve position Indicator 

3) Valve position Indicator 

4) Pressure ocasurement downstrcaa of 
valve 

5) Pressure rviasurctnent dounstreaa of 
valve 


1) None 

2) None. 

3) Hone 

4) None 

5) Coupling design requires sofety 
relief 


1) Ho effect 

2) Ko effect - relatively small 
quantity of propellante look 
external to spacecraft 


1) PosltloD indicator 1) Hone 

2} Poaltioo indicator for ponlclve 2) Hone 

disconnect verification and coupling 
status 


iFosltlon indicator 


Position Indicator, propellant tank None 

pressure measurement. 


1) A(4) 
B(4) 
C(4) 

2) A(4) 
B(3) 
C(4) 

3) A<4) 
B(3) 
C(4) 

4) A(4) 
B(3) 
C(ZA> 

5) A(4> 
B(4) 
C(4) 


1) A(4) 
B(3> 
CC4) 

2) A<4) 
B(3) 
C<4) 


Posltrlon indicator 


rank preoGure measurement: 



Position iodicetor for uncoupling Bona 

vcrlficaClon 
















































COMPONENT IDENTIFICATION 

FUNCTION OF 
COMPONENT 

NAME 

1 DRAWING 

NUMBER 

1.2 5 1 Main Booster Oxidizer 

T-IA T-IE 

Contain and store propellant for 

Tank 


main engine utilization. 

1 2 10 1 Main Booster Fuel Tank 

T-2A T-2B 

Also the booster oxidizer tank 

4, 2, 4,1 Main Orbiter Oxidizer 

T1 and T2 

contains residual gas for the 

Tank 


APS usage. 

4291 Main Orbiter Fuel Tank 

T3 



FAILURE MODE 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 
















FAILURE MODE AND EFFECTS ANALYSIS 


FAILURE EFFECT ON 

SUBSYSTEM SYSTEM MISSION 

None *' «ubsy«Ccn volune capable No effect, leakage too alight co No effect 

of absorbing minor leakage cauae fltc hazard Imcdlacc mlaalon flight cerminQ' 

Subsyseem operaclon impaired Fire hazard potential high Occur- cion Hotord taonltorlng ayaten 

rence could drostically affect required to operate 

ayateo operation 

Contingency supply of APS Og gas 
la depicted 


RECOMMENDATIONS FOR 
DETECTION HETHOO 

Hazardous goa analyzer In tank 
coopactment 

Hazardous gae analyzer In tank 
compartment and tank pressure and 
quantity mcaeurcDicnta 


SYSTEH:1.0 and 4 O 
SUBSYSTEI4 1.2 4.2 


ASSEMBLY; 


1 2.5 and 4.2.4 
1 2.7 and 4 2.6 
1.2.10 and 4 2.9 

SHEET 1 of 1 















COMPONENT IDENTIFICATION 

FUNCTION OF 
COMPONENT 

FAILURE MODE ‘ 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

NAME 

DRAWING 

NUMBER 

PRIMARY 

REDUNDANT 

1.2 6.2 Helium Coupling 

C2 

Provide connection for ground sup- 
plied helium. The helium is circu- 
lated into the tnaxn oxxdxzer dis- 
tribution line to initiate lo:< 
recirculation and geyser suppres- 
sion. 

1) Falls open. 


low 


Fails open. 

Low 




2) Falls closed 


Low 

4 2.5.2 Helium couplxng 
4,2,5 3 Helium coupling 

m 

C-2 

C-8 

Provide coupling for ground 
supplied helium line The helium 
is ingested into the main oxidizer 
distribution line to initiate LO^ 
recirculation and geysering t 
suppression 

1) Fails open or major 
internal leakage 


Low 


Falls open or major 
internal leakage 

Very low 

2) Falls closed 


Low 

3) Internal leakage 
(major or minor) 


Medium 

































FAILURE MODE AND EFFECTS ANALYSIS 


SYSTFK 1 0 and 4 0 
SUBSYSTEM 1 2 and 4 2 


ASSEKSLY: 1^,6 and 4 2.5 

SHEET 1 of 1 


FAILURE EFFECT ON 


SYSTEM 


iio effect - secondary clicck valve No effect 
nalntalns subaystcra Integrity 


Rapid loss of propellant thcetigh 
the coupling vith possible stage 
fire 


No effect ' nornully closed 
during flight 


No effect - secondary check valve No effect 
Toaintains subsyatom Integrity 


Rapid loss of propcllonc through System degradation due to 
coupling with possible stage fire propellant loss 


No effect - noroally closed during No effect 
flight 



No effect - series rcdun;fant 
checking feature 


Ho effect • subsystem volume No effect 

capable of abaorbing minor leakage 
but possible stage fire could 
exist if leakage was not stopped 
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COMPONENT IDENTIFICATION 


FAILURE MODE 


DRAWING 

NUMBER 


1.2. 7.1 Fuel Feedline 
(Booster) 


4 2.6 1 Fuel Feedline (Orbiter) 

1 2 7.2 Fuel Isolation Valve 
(Booster) 


4. 2. 6. 2 Fuel Isolation Valve 
(Orbiter) 


L-13A L-18A L-16B 
L-14A L-19A 1-17B 
L-15A L-13B L-18B 
1-16A L-14B L-19B 
L-17A L-15B 

L-8 and L-9 

V-8A V-13A V-llB 
V-9A V-14A V-12B 
V-lOA V-8B V-13B 
V-llA V-9B V-14B 
V-12A V-lOB 

V-8 and V-9 


FUNCTION OF 
COMPONENT 


Supplies fuel to main engine. 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Fuel safety val|ve - isolates 
propellant from main engine. 
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FAILURE KODE AND EFFECTS ANALYSIS 


SYSTEM 1 0 and A 0 
SUBSYSTEM 1 2 and 4 2 


ASSEKBLY 


1 2.7 4 4 2 7 


1) No cffccc * aubsyaceo: capable 
of absorbing nlnor leakage 


2) Impaired subaysCem performAnee 
Fuel acorvocLon to adjacent 
main erginc 


1) Ko direct effect due to 

required open condition for 
operational caodo 


2) Engine controller acnaos 
losfl> Initiating engine 
ahutdovn 


3) Mo effect during aubiyatem 
operocion 


4) No effect • engine valve acta 
as accondary ahutoff 


FAILURE EFFECT OK 


SYSTEM 


1) None * ayeteft protected by 1) No effect 
inert atmosphere In engine 
cooparement 


2) Degraded system performance 2) Probable mtaalon termination 2) Pressure neoaurcoent and 
due to excessive loss of fuel , compatttnent hacaidoua ga 


RECOMHEUOATIONS FOR 
DETECTION METHOD 


1 ) llatardous gas detector 


MISSION 

OPERATIONS 


3) No direct effect Secondary 3) No effect 
engine shutoff capability 
impaired 


4) No performance degradation 4) Ho mission impact 
Ropalnlng engines sequenced 
to emergency power level 


5) No effect during system 5) No effeec 

Operation After thrust 
termination, Che isolation 
volvc is opened on command 
to relieve ovccprcsaurc lockup 


6) Ho effect 6) No effect 

Primary ahutoff capability is * 

afforded by mein engine volve 


compattment hacardous gas detector 


3) Valve position indicator 


4) Valve poaicion indicator 


OTHER RECOMMENDATIONS 


Provide engine coapartmcnc relief 
purge 


2) Sane as above 


CRITICALITY 

CATEGORY 




5) Hone 

i(4) 

6(4) 


C(4) 

6) None 

4(4) 


6(4) 


C(4) 





































COMPONENT IDENTIFICATION 

FUNCTION OF 
COMPONENT 

NAME 

DRAUING 

NUMBER 

1 3.1 5 Oxidizer Pressure 

V-20A V-20B 

Provides a step regulation o£ 

Control Valve (Booster) 

V-2U V-21B 

autogenous hydrogen and oxygen 

4 3.1.2 Oxidizer Pressure 

V-19 

gas for tank pressurization 

Control Valve (Orbiter) 

V-20 


1.3,1 7 Fuel Pressure 

V-22A V-22B 


Control Valve (Booster) 

V-23A V-23B 


4. 3. 1.6 Fuel Pressure 

V-21 


Control Valve (Orbiter) 

V-22 

1 

1.3.1 4 Oxidizer Pressurant 

F-IA F-IB 

Provides filtering of autogenous 

Filter (Booster) 


pressurant gas to preclude 

4, 3, 1.4 Oxidizer Pressurant 

F-2 

contamination of downstream control 

Filter (Orbiter) 


orifice 

1.3 1,8 Fuel Pressurant 

F-2A F-2B 


Filter (Booster) 



4.3.1 8 Fuel Pressurant 

F-3 


Filter (Orbiter) 



1 3.2.2 Helium Coupling " 

C-6A C-6B 

Connects GSE Helium supply for 

Oxidizer (Booster) 


tankage pre-pressurization. 

4 3,2.2 Helium Coupling - 

C-6 


Oxidizer ' (Orbiter) 



1 3 2 ,4 Helium Coupling - 

C-4A C-4E 


Fuel (Booster) 



4,3 2 4 Helium Coupling - 

C-4 


Fuel (Orbiter) 




FAILURE MODE 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


1) Fails open. 

2) Fails closed 

3) Leaks internally 


1) Fails open 

2) Leaks past seat 


Filter clogs. 
Filter ruptures. 
External leakage, 
(minor) 


1) Fails closed 

2) Falls open or major 
internal leakage 



Fails open or major 
internal leakage 
(check valves) . 



B-92 


























FAILURE EFFECT OH 


Ho cffocC - socles toduodsnc Ho effcc 
valves Systom o 
Subsystea pressure opocaCcs ec tank pee 
Idi^ end of pressure supply linles Pcopella 
(This cordltlon occurs ac end of of press 
powered fllghc) « valve op 
SubsysCem operates at upper end of required 
pressurization band 


Ho effect Ho effect 
Systosi operates at lower end of No effect, 
tank pressure band Ho effect 
Propellant tank ia at upper end Ho effect 
of pressure operating limit Vent Ho effect 
valve operation to relieve tank if 


FAILURE fJODE AND EFFECTS ANALYSIS 


RECO^lHEIiDATIONS FOR 
DETECTION METHOD 


Valve position Indicator 

Valve position indicator and tank 

ullage prcsauce 


SYSTEM I 0 and 4 0 
SUBSYSTEM 1 3 and 4 3 


OTHER RECOMMENDATIONS 


1 3 1 and 1 3.2 
ASSEMBLY 4 3 X and 4 3.2 


Doorcase In tank pressure 
ContamlnnClon o£ downsCrcatD 
ca npononCs 
No effect 


1) No flight effect but unable 
to load helium i£ ground 
failure occurs 

2) Ho eCfecc due to scries 
redundant check valve 


Excessive loss of pressurant gas 


Syscen forced to operate out-of« 
limits 

Tank preasure lose 
Potential fire hazard 


Ho effect 

Ho effect 


System failure due to conk 
pressure loss 


Probable loss of mission | 4P transducer across filter 

Froboblc termination of mission 4P transducer across filter 

If leakage Is high enough > ralsalon Gas detector in area or bay containing 
could bo aborted filter 


Ho effect 
Ho effect 


IProbable termination of mission 


Position indicator 
Position Indicator 


Pressure transducer In autogenous line 
downstream 


Filter should be designed to blow out 

under high AP'coodltlons 

Hone 


Pzovide ground pressure mcasurcmont 
between chccl valve sections 
Frovido ground pressure measurement 
between check valve sections 


MISSION 

OPERATIONS^^^ 



CATEGORY 



1) AW) 
B(4) 
CW) 

2) A(4) 
A(4) 
C(4) 

3) A<4) 
B(4) 
C{4) 


1) A(4) 
S{4> 
C(2A) 

2) A(4) 
B(4) 
C(2A) 

3) A(4) 
S(4) 
C<1 ) 


1) A(4) 
B<3) 
C<4) 

2) A<4) 
B(3) 
C{4) 


B-93 
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COMPONENT IDENTIFICATION 


4. 4. 1.1 Oxidizer DistribuCion L-17 
Line L-18 


4412 Oxidrzer Isolation V-23 

Valve 


FAILURE MODE 


DRAIJING 

NUMBER 


FUNCTION OF 
COMPONENT 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 



Ducting for transmxttal of liquid Structural (fatigue 
oxygen, causing leakage) 


Controls liquid oxygen fill and 
drain for the on-orbit LOg tank. 


Fail open. 

Fall closed. 

Fall to relieve at 
specific back 
pressure 

Internal leakage 
External leakage 




















FAILURE MODE AND EFFECTS ANALYSIS 


SYSTEM * 0 


ASSEMBLY 


FAILURE EFFECT ON 

RECOMIlEhDATIONS FOR 
DETECTION METHOD 


SUBSYSTEH 

SYSTEi-i 

MISSION 

L*17 no effect after loading 
L-13 loss of tank pressure 

L>17 no effect 

L*13 decrease in pressure and 
flowrate supplied to propellent 
conditioning system 


Decrease In performance of APS 
system 

Monitor line pressure 

None 

1) No effect - propellant 
stopped at tnain engine 
valve 

2) No effect 

3) No effect •* pressure can be 
relieved through main LO^ 
tank isolation valve 

4) No effect - propellant 
stopped at Timin engine 
valve 

5o) Loss of tank pressure 

5b) Possible fire hazard if 
fuel is present in 
conpartfient 

1) No effect 

2) Automatic shutdown of main 

engine If on*orblc tonk is 

being used os supply 

3) No effect 

4) No effect 

5) Decrease in pressure end 
flowrate supplied to 
propellant conditioning 
system 

No effect • Compartaent purge 

capable of handling limited 

leakage 


1) No effect 

2) Mission would be terminated 

3) No effect 

4) No effect 

5) Decrease in APS performance 
No effect 

1) Monitor valvo position 

2) Monitor valve position 

3) Pressure measurement downstream 
of valv& 

4) None 

5a) Monitor on-orbit tank pressure 
5b) Hazardous gas detector in closed 
compartEicnt 

1) None 

2) Hone 

3) None 

4) None 
5a) None 
5b) None 

























COMPONENT IDENTIFICATION 


NAME 

DRAWING 

NUMBER 

FUNCTION OF 
COMPONENT 

4,4 2 2 Oxidiaer Vent Heat 
Exchanger 

H-1 

Provide cooling of tank suction 
line during vent to compensate 
for heat leak into tank 


2,1 Oxldizei; Tank Vent V-24 Permit overboard vent of propel- 

VaXve* V-25 lane tank ullage gas. 

Isolate airborne system from 


ground system. 


1 ) 

2 ) 


1 ) 

2 ) 


FAILURE MODE 


PRIMARY 


Major external leakage 
Restricts flow of gas 
during vent. 


Volvo fails closed , 
Valve falls open or 
leaks internally 


2R) 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Low 

Low 


Valve fails open 1) Medium 

or leaks internally 2) Low 


B-96 
















FAILURE EFFECT ON 


FAILURE ilODE AND EFFECTS ANAIVSIS 


RECOIIMELOATIOHS FOR 
DETECTION HETNOO 


SYSTEn 4 0 
SUBSYSTEM 4 4 


OTHER RECOMMENDATIONS 


MISSION 

OPERATIONS 


4.4 2 

SHEET I of 


CRITICALITY 

CATEGORY 


1) Contaoilnacion of subsysten 
coDpdrcnenc with GO^ 

2) V«nt rote cdpobillty teducod 


1) No effect 

2) Propellent t«nk pressure 
relief rate reduced 


1) No effect on crew safety or 
primary mission objective 

2) No effect on crew safety or 
primary mission objective 


1) Measure subsystem compartment 
pressure 

2) Monitor tank venc rote or measure 
pressure loss across heat exchanger 


1) Vent assembly rendered useless 

1) Potential for over-pcessurlza- 

for propellant tank pressure 

tion of on-orbic propellant 

relief 

tank exists 

2) Ho effect 

2) Ho effect 

2R) Overboard loss of pressuriza- 

2R> Impossible to pressurize on- 

tion gas subsystem cannot 

oebit propellant tank 

be isolated. 



primary mission objective | 

2) Kc effect on crew safety or 
primary mission objective 
2R) Major effect on primary mission 
objective - no effect on crew 
safety 


2) Valve position switch 
2R) Valve position switch 


1) None 

2 ) Mono 


1) Redesign valve system to parallel** 
series configuration 

2) , 2R) Provide pressure mcasurcocnt 

between secies redundant 
valves for single point failure 
detection 


1) A(3) 
B(4) 
C(3) 

2) A(3) 
B») 
C(3> 


1> A(2A,1 •) 
B(3) 

C(2A,1 ) 
2> A(3) 

B(4) 

C(3) 

2R) A(2A) 
B(3) 
C(2A) 




















COMPONENT IDENTIFICATION 


NAME 

DRAWING 

NUMBER 

4.4 3 1 Oxidizer Tank 

T-4 

4.4.6 1 Fuel Tank 

T-S 


T-6 

1 



FUNCTION OF 
COMPONENT 


Contain and store propellants 
for main engxne contingency 
supply 

Contain and store propellants 
&r APS on-orbit usage and 
A/B-S reentry landing engines, 


FAILURE MODE 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

PRIMARY 

1 

REDUNDANT 

Minor external leakage. 


Low-medium 

Major external leakage 


Very low. 

(oxidizer tank) . 




Major external leakage 
(fuel tank) . 


Very low 


B-98 














FAILURE EFFECT ON 


SYSTEM 


None - Subsyatem volusve eepeblc of Firo hcsard possible 
absorbing minor leakage 


FAILURE MODE AND EFFECTS ANALYSIS 


RECOMMENDATIONS FOR 
DETECTION HETNOO 


Uaserdous gas onalytee in tank 
caepectBcnc 


SYSTEM. 4 0 
SUBSYSTEM 4.4 


OTNER RECOMMENDATIONS 


Provide coaq>artstcnt purge for all 
closed comparcncnts 


ASSEtfflLY: 4.4.3 and 4 4 6 
SHEET 1 of 1 


MISSION 

OPERATIONS ^ 

CRiTicALnr^ 

^ 

CATEMRy 



Subsyscoa operation iiopaitcd, 
fire hazard potential high 


Occurrence could drostically 
affect sysccD operation 
Resupply for ACFS on accumulators 
is tecolnated 


Isocdiate mission tecmlnation 


Hazardous gas analyzer in tank 
coDpartment ecquiros propellant tank 
pressure and quantity sicaBurcincnts. 


Saoo as above 


A<2A) 
B<2B) 
C(1 *2A) 


Seine as above 


Some 09 above 

Resupply for ACPS II^ accumulators 
terminated LH^ supply for ABS 
engines is not available 


Irocacdlata mission termination.. 


Sano as above 


A(2A> 
B(2&> 
C(1 ,2A) 



6S-a 



















B-lOO 
















t) Feopcllant would be exheu«ccd 

2) Ko effect 

3) Possible loss of contingency 
fuel supply 

4) l«osB of tank pressure Fire 
hazard in tank cotepertpsenc 

5) Loss of fuel supply 
capability 

6) Sons loss of fuel 



2) Ko effect • pressure would be 
relieved into csin fuel tank 


3) Possible loss of some A/B 
fuel 


4) Decrease in pressure and 

flotnrotc Supplied to propel- 
lant conditioning system 
Fire hazard 


5) Loss of contingency 
fuel supply 

6) LH^ would be Introduced into 
the cnoin propulsion system 
propellant lines 


Mission is terninated 
He effeec 

Possible lots of mission 
objectives 

Dccrcoso in APS pcrforisanca 
None unless oxidizer leakage 
present Conpartment is i 
purged I 

Primary mission objectives 
jeopaedised 

Possible reduction of mission 
objectives 


1) Valve position indicator 

Z) Line pressure sneasuremenL 

3) On-orbie tank pressure ncasurcmenc 
end line temperature dewnsttcam of 
valvo 

4) Monitor on-orbit tank pressure 
llazerdovB gas detector 

5) Position indicator 

6) tcmpcrecurc sensor in line dovn^ 
sercara of valve 


IJ Redesign system such that on>orblc 
Conks arc isolated from loain 
tonkage 

Alternative - Place on-orbic tanks 
in scries with main fuel Conk 

2) Mono 

3) None 

4) Provide purge capability for all 
closed compartments 

5) Mono 

6) None 



loT-a 



















COMPONENT IDENTIFICATION 

FUNCTION OF 
COMPONENT 

NAME 

DRAWING 

NUMBER 

4*4. 5*2 Fuel Tank Vent Valve* 

V-28 

Provides controlled venting and 


V-29 

automatic overpressure relief 


V-30 

for the on orbit main propellant 


V-31 

fuel tank. 


FAILURE MODE 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Tells open. 



B-102 



























No cffficC due fco Aciies redun* 
dancy. 


FAILURE EFFECT OK 


SYSTEM 


Ho effect 



RECOWIHNDATIOHS FOR 
DETECTION METHOD 


SYSTEM 4 0 

ASSEMBLY- 

4.4.5 

SUBSYSTEM 4.4 


SHEET 1 of 1 

OTHER RECOMHEMDATIONS 

MISSION 

OPERAT^^ 

''''"’’"'"crIt™ 

CATEGORY 


Loss of tank prossurlzoCloa CApa~ | Degraded aystcni operation 
btlity. 


Mieslon termination 


No effect due to parallel teden~ No effect 
dancy 


Poaleton IndicaCoc 


Valve position Indicators propellant 
tank pressure and quantity muasucc*' 
nents 


Position indicator 


Normal tank venting capacity Im- Automatte relief of propellant Immediate tertnination of flight Position indicator and tank preasure 

paired tank is lost Backup method of noaouroaont 

relieving tank pressure could be 
employed by opening propellant 
isolation valves and venting thru 
main tank 


No c£fcct*coupllng docs not have No effect 
a poppet Coupling is normally 
open in flight 



Position Indicator for proper decoupling None 
verification 




[ E££oet On External Suhayatea 


e-103 
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COMPONENT IDENTIFICATION 


FAILURE MODE 


NAME 

4. 5. 1.2 

Oxidizer Tank Pressuri- 
zation Line Filter 

4, 5. 1.6 

Fuel Tank Pressuriza- 
tion Line Filter 

4. 5. 1.3 

Oxidizer Tank Pressurl- 


zation Regulator^ 

4. 5. 1.7 

Fuel Tank Pres|uriza- 


DRAVJING 

NUMBER 


FUNCTION OF 
COMPONENT 


REDUNDANT 



4.5<1<4 Oxidizer Tank Pressuri- 
zation Valve 
4. 5. 1.8 Fuel Tank Pressurlza- [ V-34 
Cion Valve V-35 



1 

Remove particles and/or contami- 
nants before gas reaches the regu- 
lator package. 

Filter becomes clogged, re- 
sulting in filter rupture. 

Reduces supply pressure to regu- 
lated tank pressure. 

Falls open or falls to 
regulate. 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Very low. 




Fails open or falls to Low 
regulate. 


Provides positive Isolation of high 

Fails open or leaks in- 

pressure gas from low-pressure sub- 

ternally. 

system. 



Fails closed. 





























FAILURE NODE AND EFFECTS ANALYSIS 


FAILURE EFFECT ON 


SYSTEM 


RECOWELDATIOKS FOR 
DcTECTIOH METHOD 


OTHER RECOKtENOATlONS 


HISSTOI 

OPERATIONS 

"^CRinCAt^^ 

^ — ’ 

CATEGORY 


Possible TOdueClsn in pccssurant: Possible reduction of on-orblC [ Could cause nission tcEmlnaticn | Dovastreoa pressure Dcasurcsicnr j Dcsljpx fcaCurcs should include filCee 


flowrece and contamination of tank pccssuro 

downstream regulators* 


No effect due to regulator series Ko effect 
redundancy 


blowout provisions into one bank of 
controlling regulators. 



Operating pressure bonk selected for Hone 
detection 


OvetpresBure condition downstream Tanks pressure at upper limits - Flight cenainatlon 
of regulators* tank vent relieves. 


Ko effect due to parallel rcdim* Ho effect 
doRcy 



Pressurization to on-orbit propel- 
lant tankj terminated 


Pressure regulators opecacc to Ho cffccc. 
maintain required pressure* 


No effect duo to valvo (parallel) No effect. 

redundancy 


PresfUEization to on-orblc propel- 
lant tank ^ terminated* 

















































COMPONENT IDENTIFICATION 

FUNCTION OF 
COMPONENT 

NAME 

DRAWING 

NUMBER 

Propellant: Inlet Manifold 

None 4 


Distribute fuel and oxidizer 




to the coaxial injector. 

Coaxial Injector 

None • 


Inject fuel and oxidizer into the 




thrust chamber in such a manner 




as to achieve complete mixing for 

• 



combustion. 

Thrust Chamber 

TC-l 

TC-20 

Contain combustion gas and 


TO -2 

TC-2I 

accelerate the gas through a 


TC-3 

TC-22 

converging -diverging nozzle 


TO -A 

TC-23 

to produce thrust. 


TC-5 

TC-24 



TO -6 

TC-25 



TC-7 

TC-26 



TC-8 

TC-27 



XC-9 

IC-28 



TC-10 

IC-29 



TC-11 

IG-30 



TC-12 

TC-31 



TC-13 

TC-32 



TC-14 

TC-33 



TC-15 

TC-34 



TC-X6 

TC-3 5 



TC-17 

TC-36 



TC-18 

TC-37 



TC-19 

TC-38 



FAILURE MODE 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

PRIMARY 

REDUNDANT 

Cracking due to thermal 
fatigue or vibration* 


Low 

Cracking due to thermal 
fatigue or vibration. 


Low 

Clogging of injectors due 
to propellant 
contaminants • 


Cow 

Cracking due to thermal 
fatigue or vibration. 


Low 


B-106 
























FAILURE MODE AND EFFECTS ANALYSIS 

SYSTEM 2,0, 5.0 
SUBSYSTEM 2.1, 2.5, 5.1. 5. 

2.1.1, 2.5.x. 
ASSEMBLY s.ui; 5.4.1 

SHEET 1 of 1 


FAILURE EFFECT ON 




MISSION 




RECOMMENDATIONS FOR 



SUBSYSTEM 

SYSTEM 

MISSION 

DETECTION HETHOD 

OTNER RECOMMENDATIONS 

CATEGORY 

Possible pre>mlxlng of propellants 

Ho effect. 

Possible effect on crew safety 

Measure igniter choabet pressure. 

Perform scheduled visual InspccCloa 

Booster A<4) 

uleh resulting £Lro or explosion 


or primary mission objootivo. 

visual inspootion. 

during maintonanec. 

B<4) 

hazard. Failed chrustcr must be 






0(3) 

Isolated , Possible loss of one 






Orbiter A(4) 

level of redundancy 






B(4) 







CG) 

Improper mixing of propellants 

No effect 

Mo effect on crew safety ot 

Measure igniter chamber pressure, 

Pcrfomi scheduled visual Inspection 

Boosters A(4) 

vith resulting combustion 


primary mission objective. 

visual inspection. 

during maintenance. 

B(4) 

Instability or thrust chamber 





C{4> 

burnthrough. Palled thruster 





Orbltor: AC4> 

muse be isolated Possible loss 





B(4> 

of one level of redundancy. 





C(4) 

Improper mixing of propellants 

No effect 

Mn effect on crew aafoty of 

Measure Ignitor chamber pressure, 

Perform scheduled visual Inspection 

Booster* A(4) 

vith resulting combustion 


primary mission objective 

visual inspection. 

during maintenance. 

B(4) 

iostability or thrust chamber 





C(4) 

burnthtough. Failed thruster 





Orbitcr* A(4) 

muse be isolated Possible loss 





B(4) 

of one Level of redundancy. 





C(4) 


Possible hot gAS external look 
and/or burnehtough Possible 
lo»fl o£ p«efo7i&anco 
Failed chruater dusc be isolated* 
Possible loss of one level of 
redundaney 



Measure igniter cliodbcr pressure, 
visual inspection 


Perform scheduled visual Inspection 
during maintenance. 


































COMPONENT IDENTIFICATION 
NAME 


Igniter Fuel Valve 


None 


Igniter Oxidizer Valve 


None 


DRAWING 

NUMBER 


FUNCTION OF 
COMPONENT 


Provide fuel to igniter chamber 
in response to 28 vdc command. 
Fail closed on loss of power. 


Provide oxidizer to igniter 
chamber in response to 28 vdc 
command . 

Fall closed on loss of power. 


Spark Plug 


None 


Provide controlled spark gap 
for high voltage discharge to 
ignite propellants. 


07 


o 

03 



FAILURE MODE 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

PRIMARY 

REDUNDANT 


Valve fails to open or 
close prematurely. 


Low 

Valve opens slowly. 


Low 

Valve fails to close or 
closes slowly* 


Low 


Valve fails to open or 
closes prematurely 


Low 

Valve opens slowly. 


Low 

Valve falls to close or 
closes slowly* 


Low 


Short to ground or wear 
causing excessive gap. 


Medium 
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FAILURE MODE AND EFFECTS ANALYSIS SYSTEM 2.0, 5 0 ASSEMOLY 2.1.2, 2.5.2, 

SUBSYSTEM 2.1, 2.5, 5.1, 5.4 ‘ 


FAILURE EFFECT ON 

RECOMMENDATIONS FOR 
DETECTION METHOD 

OTHER RECOHIIENDATIONS 

MISSION 

CPERAT10KS__..^--^ 
CATEGORY 

SUBSYSTEM 

SYSTEM 

MISSION 

Failure to Achieve thcu»c vleh 
■elected thruster* Failed 
Cheuster cqubC be laolatcd 
Possible loss o£ one level of 
tedundoitcy. 

No effect 

No effect on crew safety or 
primary aiaalon objective. 

Measure igniter chamber pressure 

None 

Booster A(4) 
B(4) 
C(4) 

Otbiters A(4) 
B<4) 
0(4) 

Failuie to achieve thrust with 
selected thruster. Possible 
ignition choober burnout. Failed 
thruster must be isolated 
Possible lo&a o£ one level o£ 
redundancy. 

Ho effect 

No effect on crew safety or | 
primary mission objective. 

Measure igniter chamber pressure. 

Hone 

Booster A(4) 
B<4) 
0(4) 

Orbitcr! A(4) 
B(4) 
0(4) 

Overboard loss of propellant. 
Faltuil thruster must be Isolated. 
Possible loss of one level of 
redundancy. 

No effect. 

No effect on crew safety or 
primary mission objective. 

Msasurc igniter chamber pressure. 

Hone 

Booster. A(4) 
B<4) 
C(4) 

Orbltcr A(4) 
B(4) 
C(4) 

Failure to achieve thrust with 
selected thruster Failed 
thruster muse be tsolaccd. 
Foatible loss of one level of 
redundancy. 

No effect. ' 

Mo effect on crew safety or 
primary mission objective 

Measure Igniter chamber pressure 

None. 

Booster; A(4) 
B(4) 
c(4) 

Orbiter A(4) 
B(4) 
C(4) 

Failure to achieve thrust with 
selected thruster Failed 
thruster muse bo isolated. 
Possible loss of one level of 
redundancy 

No effect. 

No effect on crev safety or 
primary mission objective. 

Measure igniter chamber pressure. 

None 

Booster A (4) 
B(4) 
C<4) 

Orbltcr: A(4) 
B(4) 
0(4) 

Possible ignition chanber 
burnout and/or overboard loss o£ 
propellant. Failed thruster 
muse be Isolated. Possible loss 
of one level of redundancy 

No effect. 

No effect on crev safety or 
primary objective. 

Measure igniter chamber pressure 

None.) 

Booster A(4) 
B(4) 
0(4) 

Orbttoc. A (4) 
B(4) 
0(4) 

Failure to achieve thrust with 
selected thruster. Possible 
overboard loss of propollanea. 
Felled thruster muse be isolated. 
Possible loss of one level of 
redundancy. 

No effect* 

No effect on crev safety or 
primary objoecive 

Measure igniter chamber pressure 

None 

Booster: A (4) 

B(4) 

0(4) 

Orbltcr A(4) 

B(4) 

0(4) 

03 I 
1 




COMPONENT IDENTIFICATION 


DRAWING 

NUMBER 


FUNCTION OF 
COMPONENT 


Spark Cable 


Exciter 


NAME 


None 


Conduct high voltage pulses from 
exciter to spark plug. 


None 


Convert 28 vdo input to 30,000 
volts at 250 pps output for 
spark ignition. 



FAILURE MODE 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

PRIMARY 

REDUNDANT 


Short to open circuit* 


Low 

1 

Fails to produce pulses 
or produces lov level 
pulses only. 


Low 


on-a 



















F^ilLURE KODE AND EFFECTS ANALYSIS 


RECOMMEIiDATlONS FOR 

CETECTION NE^IOO 


SYSTEH 2*0, 5,0 
SUBSYSTEM 2*1, 2,5, 5-1. 5-4 


ASSE^iBLY: 2.1.2, 2.5JZ. 

5-1.2, 5,4-2 
SSiEET 2 of 


OTHER RECOm£NDATIO»S 


TalLure to achievo ehrusc with 
aelecc«ii chrv«ciir Po»«lble 
ox^rboatd loss o£ pcopcllancs 
Fallod chruscer oust be Isolated 
Possible loss ot one level o£ 
redundsitcv 


Failure to achieve chrusc with 
selected chruscer. Possible 
overboard loss of^propellancs 
Failed thruster muse be isolated> 
Possible loss of one level of 
redundano • 



MISSIOI 

OPERATlCflS 


Booster: A(4) 
3<4) 
C(4) 

Ocbltcr: A(4) 
B(4) 
C(4) 


Booster: A(4) 
B(4) 

C(4) 

Otfaitcr: A(4) 
B(4) 
C(4) 


CUTICAUTY 

CATEGORY 


o-in 













COMPONENT IDENTIFICATION 


DRAWING 

NUMBER 


FUNCTION OF 
COMPONENT 


NAME 


Bi-PropellanC IJaln Thrust Chamber 
Valve I 


FV-1 

OV-1 

FV-Z 

OV-2 

FV-3 

OV-3 

FV-4 

OV-4 

FV-S 

OV-5 

PV-6 

OV-6 

FV-7 

OV-7 

FV-8 

OV-8 

FV-9 

OV-9 

FV-10 

OV-10 

FV-11 

OV-11 

FV-12 

OV-12 

FV-13 

OV-13 

FV-14 

OV-14 

FV-IS 

OV-15 

FV-16 

OV-1 6 

FV-17 

OV-17 

FV-18 

OV-18 

FV-19 

OV-19 

FV-20 

OV-20 

FV-21 

OV-21 

FV-22 

OV-22 

FV-23 

OV-23 

FV-24 

OV-24 

FV-25 

OV-2S 

FV-26 

OV-26 

FV-27 

OV-27 

FV-28 

OV-28 

FV-29 

OV-29 

FV-30 

OV-30 

FV-31 

OV-31 

FV-32 

OV-32 

FV-33 

OV-33 

FV-34 

OV-34 

FV-35 

OV-35 

FV-36 

OV-36 

FV-37 

OV-37 

FV-38 

OV-38 


Provide on-off control of oxid 
and fuel to thrust chamber in 
response to 28 vdc Input command. 
Fall closed on loss of power. 


FAILURE MODE 


PROBABILITY OF 


PRIMARY 

REDUNDANT 

MALFUNCTION OCCURRENCE 

Falls to open. 


Low 

Opens too slowly* 


Low 

Falls to close or 
closes too slowly* 


Low 

Closes prematurely* 


Low 

Oxid or fuel valve fails 
to open (linkage failure)* 


Low 

Oxid valve falls to 
close on shutdown* 


Low 




Fuel valve fails to 
close on shutdown. 


Low 


E-112 


























FAILURE MODE AND EFFECTS AfWLYSiS 


SYSTEM 2*0, 5*0 
SUBSYSTEM 2.1, 2,5, 5,1, 5J^ 


ASSEMBLY: 2»S,3, 

5*1.3, 5.4.3 
SSET 1 of 


FAILURE EFFECT ON 


SUBSYSTEM 


SYSTEM 


MISSION 


RECOKMEi.OATIONS FOR 
DETECTION METHOD 


OTHER RECQKMENOATIONS 


Failure to achieve thrust with 
selected thruster* Foiled 
thruster must be Isolated 
Foaolblc loos of one level of 

redundancy 

No effect* 

No effect on crew safety or 
primary mission objective* 

Measure igniter chamber pressure. 

None, 

Booster: A<4) 
B(« 
C(4) 

Ocblcer: A(«> 

B(4) 
C(4) 

Depending upon delay, ouboyotem 
may isolate selected thruster 
Possible loss of one level of 
redundancy 

No effect* 1 

No effect on crow safety or 
primary mission objective* 

Hcoaure Igniter chanber pressure. 

None* 

Booster: 4<4> 
3(4) 
C(4) 

OrbiCer; A(4) 
B(4> 
C(4> 

Extended burn possible* Loss of 

shutoff radundaney. Pailod 
thruster must be isolated* 

Possible corrective connaand from 
guidance and navigobion* 

No effect on crew safety or 
primary mlsBlon objective 

Measure igniter chamber pressure 

Heme, 

Booster: A(4) 
B(4) 
C(4) 

C^biters 4(4) 
3(4> 
c(4) 

Premature loss of thrust. 

Failed thruster must be isolated 

Possible cocrocclvc comraand from 
guidance and navigation. 

No effect on crew safety or 
primary mission objective. 

Measure igniter ebanber pressure. 

None. 

j 

Booster: A(4) 
S(4) 
C(4) 

Oriiitcr: A(4) 
B(4) 
C(4) 

Fails CO achieve thrust vlth 
selected thruster. Failed 
thruster must be isolated with 
posfiiblo loss of ono lovel of 
redundancy. 

No effect* 

1 No effect on crew safety or 
^ primary miasion objective. 

Msasurc igniter choaber pressure. 

None 

f 

Booster; A(4) 
3(4) 
C{4) 

l>£btDcr: A(4) 

3(4) 
C(4) 

Slightly oxCendod burn Cimo. 
Possible Injcccor burnout* 
Failed thruster must be Isolated 
with possible loss of one level 
of rodundanoy 

No cfCecb. 

Ko effect on crew safety or 
primary mission objective. 

Measure ignicec cheaber pressure 

Hone • 

Booster* 4 (4) 

3 (4) 

C (4) 

arbiter: a ( 4 ) 1 

3 (4) I 

c (4) 1 

i 


SLighcly <ixean^«d burn tlno* effcet* j No effect on cecw sof«ty or Ksosurc Igniter choaber prcsaurc. K>nc* 

Failed ChrusCer must be Isolated | primary mission objcotlvo. 

vich possible loss of one level 
of redundancy* 


Booster* 

Orbitcri 


A(4) 

aC4) 

c(4> 

A(4) 

3(4) 

C(4) 


m-Q 










































COMPONENT IDENTIFICATION 


DRAWING 

NUMBER 


FUNCTION OF 
COMPONENT 




mS 





FV-4 

OV-4 

FV-5 

OV-5 

FV-6 

OV-6 

FV-7 

OV-7 

FV-8 

OV-8 

FV-9 

OV-9 

■1 « 

OV-10 


OV-11 


OV-12 


OV-13 

FV-14 

OV-14 

FV-15 

OV-15 

FV-16 

OV-16 

FV-17 

OV-17 

FV-18 

OV-18 

FV-19 

OV-19 

FV-20 

OV-20 

FV-21 

OV-21 

FV-22 

OV-22 

FV-23 

OV-23 

FV-24 

OV-24 

FV-2S 

OV-25 

FV-26 

OV-26 

FV-27 

OV-27 

PV-28 

OV-28 

FV-29 

OV-29 

FV-30 

OV-30 

FV-31 

OV-31 

FV-32 

OV-32 

FV-33 

OV-33 

FV-34 

OV-34 

FV-35 

OV-35 

FV-36 

OV-36 

FV-37 

OV-37 

FV-38 

OV-38 


Provide positive shutoff of 
propellant to individual 
thrusters. Provide on-off 
control of propellants to 
igniter valves and bl -propellant 
control valve. 

Pall closed on loss of power. 



FAILURE MODE 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

PRIMARY 

REDUNDANT 


Failure to open prior 
to thruster use. 


Low 

Failure to close after 
thruster usage. 


Low 

Valve opens slowly, 


Low 

Valve closes slowly. 


Low 

Valve closes prematurely. 


Low 

One valve fails to open 
(either oxid or fuel) , 
Structural failure. 


Low 

One valve closes 
preraaturely 

A. Before operation. 

B. During operation. 


Low 


B-114 

























FAILURG EFFECT ON 


Scleceod chrtisccx rendered 
Inaperatltja* Called 
oust be Isolated vleh possible 
loss of one level of redundancy 


TbrusCer cannot bo ijoLaecd, 



Loss of thrust In selected 
thruster. Felled thruster raust 
be isolated with possiblo loss 
of one level of redundancy 


Selected thruster rendered in- 
operative. Thruster cannot be 
Isolated, 


A. failure to achieve thrust, 

B. If fuel valve, lose of ehtust, 
probable high M,R« end 
thruster damage 

If oxld valve, loss of thiuat, 

failed thruster must be 
Isolated with possible loss of 
one level of redundancy. 


FAILURE MODE AND EFFECTS ANALYSIS 


RECOMHEJ.QATIONS FOR 
DETECTIOII METHOD 


KsQsure igniter ehamber pressure or 
valve position. 


SYSTEM 2*0» 5.0 
SUBSYSTEM 2.1* 2,5. 5,1. 5.A 


ASSEMBLY 2.1.3, 2.5,3, 
513, 5,4.3 
SHEET 2 of 2 



Ho effect on. crew safety or 
primary mission objective 


Ho effect Oil crew aafet/ or 
primary mission objective. 


H> effect on crew safety or 
primary mission objective. 


Mo effect on crew aufety or 
pelmarj mission objective. 


No effect on crew safety or 
primary mission objectlva. 


OTHER RECOMMENDATIONS 



MISSION 

OPERATIONS 


Booster A(4) 
B<3) 
C(4) 

Orbltcr A (4) 
B(3) 
C(4) 


CRITICALITY 

CATEGORY 



Measure igniter chamber pressure 


STt-a 
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COMPONENT IDENTIFICATION 

FUNCTION OF 
COMPONENT 

FAILURE MODE 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

NAME 

DRAWING 

NUMBER 

PRIMARY 

REDUNDANT 

2. 2.1.1 6, 5 2 1.1 

Accumulator 

T-4 



Receive GOg and GHg. propellants for 

1) 

Major external lealcage 



1) 

Low 

Tankage 


T-5 



storage at approximately 1500 psia 

2) 

Minor external lealcage 



2) 

Low 



T-6 



and 500^R to mlnlinlze conditioning 









T-7 



equipment restarts , 









T-8 












T-9 












T-IO 












T-11 










2 2 1 2 & 5. 2. 1.2 

Pilter 

F-4 



Remove particulate contaminants 

1) 

Flow path through 



1) 

Low 



F-5 



from gaseous propellants upon ex- 


filter element ob- 



2> 

Low 



F-6 



pulaion from accumulators 


structed 



3) 

Medium 



F-7 




2) 

Major external leakage. 







F-8 




3) 

Minor external leakage 







F-9 












F-10 












F-11 










2 .2 X .3 & 5 2 1 .3 

Pressure 

R-5 

R-18 

R-31 

Reduce accumulator supply pressure 

1) 

Fails open or falls to 



1) 

Medium 

Regulator 


R-6 

R-19 

R-32 

from 1500 psia to pressure levels 


to regulate. 



2) 

Low 



R-7 

R-20 

R-33 

commensurate with flow rate require- 

2) 

Fails closed , 







R-8 

R-21 

R-34 

ments for APS thrusters 









R-9 

R-22 

R-35 










R-10 

R-23 

R-36 










R-11 

R-24 











R-12 

R-25 





1) 

Fails open or fails 

1) 

Low 



R-13 

R-26 






to regulate 

2) 

Low 



R-14 

R-27 





2) 

Fails closed . 





R-15 

R-28 











R-16 

R-29 











R-17 

R-30 









2 2 1.4 & 5. 2, 1.4 

Solenoid 

V-29 

V-42 


Admit regulated propellants to 

1) 

Valve falls to open. 



1) 

Medium 

Valve 


V-30 

V-43 


propellant feed assembly. 

2) 

Valve falls to close or 



2) 

Low 



V-31 

V-44 




leaks internally. 







V-32 












V-33 












V-34 












V-35 






1) 

Valve fails to open. 

1) 

Medium 



V-36 






2) 

Valve fails to close 

2) 

Low 



V-37 







or leaks internally. 





V-38 












V-39 












V-40 












V-41 































FAIIURE MODE AND EFFECTS ANALYSIS SYSTEM 2,0 & 5 0 ASSEMBLY 221 

PltDCt/CYCfU f% *1 t. c t 2 1 


FAILURE EFFECT ON 

recoh;]endation$ for 

DETECTION NETHOD 

OTHER RECOMMENDATIONS 

MISSION 

^ — CATEGORY 

SUBSYSTEM 

SYSTEM 

MISSION 

1) Contamination of subayatem 
compfirtment Pressure loss of 
affected assembly and all in-^ 
tarconneeted assonblles with 
time 

2) Same as above 

1) PerforjMtnce dogrodstion or 
complete system operability 
loss 

2) Same as above 

1) Major effect on crew safety 
and priinary mission objective 

2) Same as above 

Measure accumulator pressure and subsys- 
tem compartment prosaure 

Include accumulator isolation valves 
and bypass lines to permit isolation 
of failed aeeuBiulatos and maintain 
complete system operation or establish 
safety factor greater chan chat required 
for normal operating oquipmeTit 

1) A(2A) 
P<2B) 
C(2A) 

2) A<2A) 
B(2B) 
C<2A) 

1) Propellant delivery capebilicy 
to affected engine subsystems 
reduced 

2) Contaminaciou o£ subsystem com- 
partment Peessure loss of af- 
fected asscTibly and all inter- 
oenneoted asBcmblioB with tlnto 

3j Sane as above 

1) Pcrfotmoncc degradation of 
affected engine aubsystcos 

2) Pcrfoctnancc degradation or 
complete system operobiilty 
loss 

3) Same as 2) above 

l> Major effect cn crew safety 
and primary mission objective 

2) Same as l> above 

3) Same as 1) above 

1) Measure pressure drop across filter 

2) Perform periodic leak checks 

3) Same as 2) above 

None 

1) A(2A) 
B(3) 
C(2A) 

2) A(2A) 
B(3) 
C(2A> 

3) A(3) 
B(A) 
C(3) 

1) No effect 

2) No effect 

t|) No effect 
2) No effect 

1) Ho effect on crow safety or 
primary mission objc;;tlve 

2) No offoet on crow safety or 
primary mission objcctlvo 

1) Monitor pressure regulator band 
width 

2) JicBOucc dovnotrcBca pressure 

Hone 

1) A{4) 
B(4) 
C(4) 

2) A(« 
B(4) 
G<4) 

1) Possible overprcseurxzotion of 
affectc(3 ACS thrusters 

2) Assembly rendered useless for 
delivery of propellants to af- 
fected thrusters 

1) ACS chrustcr performance 
degraded Possible thruster 
loss due to a\ploslon or fire 

2) Complete loss of affected 
thruster modules 

1) Major effect on crew safety 
and pclmacy mission objective 

2) Major effect on crew safety 
and primary mission objective 

1> Monitor pressure regulator band 
width 

2) Measure downstream pressure 

blone 

1) A(24) 
B<3) 
C(2A) 

2) A(2A) 
B<4) 
C(2A> 


il) No o£fcct 

2) AsflCdlily cannot be Isolated 


1) AssemblyTendeccd useless for 
delivery of propellants to 
affected tlirutters 

2) Asaerably cannot bo isolated 


1) No effect 

2) No effect 


1) No effect on ctev safety ot 
primary mission objective 

2) Same aa I) above 


Valve position switch, Measure pressure 
downstream of volvc 


Perform valve cycle and leak tcet. 


1> A(3) 

B(4) 
, C(3) 

A<3) 
B<« 
0(3) 


1) Complete loss of affected 
thruster modules 

2) Ho effect 


1) Major effect on crew safety 
ox pcltoacy mission objcctlvo 

2) Ho effect on crew safety or 
pricoary mission objective 


Same as 1) above 


1 1) A<2A) 

, C<2A) 

2) A(3) 

B((> 
0(3) 


































COMPONENT IDENTIFICATION 

FUNCTION OF 
COMPONENT 

NAME 

DRAUIMG 

NUMBER 

2 2,2.1 & 5,2.2 1 Quick 

C-B 

Allov connection of ground lines 

Disconnect Coupling 

C-9 

for loading and unloading GOg and 


C-10 

GHg propellants. 

2.2 22&S222 Solenoid 

V-79 

Admit GOg and GHg propellants to 

Valve 

V-80 

fill lines Isolate airborne sys- 


V-44 

tem from ground loading system. 


V-70 


2,2 2.3 & 5, 2, 2. 3 Relief Valve 

V-25 

Preclude overpressurization of 


V-27 

auxiliary propulsion system. 


V-45 



V-71 




s 

2. 2. 2. 4 S 5 2.2.4 Manual Valve 

V-26 

Permit manual relief capability to 


V-28 

auxiliary propulsion system 


V-67 



V-68 



FAILURE MODE 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

PRIMARY 

REDUNDANT 

1) Coupling restricts 


1) Low 

propellant inflow and 


2) Medium 

outflow. 


3) Medium 

2) Major external leakage. 



3) Minor external leakage. 



1) Valve falls to open 


1) Low 

2) Valve falls to close 


2) Medium 

or leaks internally 



1) Relieves at too low 


1) Low 

pressure 


2) Low 

2) Relieves at too high 


3) Low 

pressure 


4) Medium 

3) Major external leakage. 



4) Minor external leakage 



1) Valve fails closed. 


1) Low 

2) Valve fails open or 


2) Low 

leaks internally 




B-118 
























FAILURE EFFECT ON 

SUBSYSTEM 

SYSTEM 


1) Propellonc loading and un> 

1) Ho effect 

1) 

loading rates reduced 

2} Ho effect 


2> Ho effect 

3> Ho effect 

2) 

3) Ho effect 


3) 

1) Propcllancs cannot be loaded 

1) System rendered Inopcroble 

1) 

or unloaded 

2) No effect 


2) Ho effect 





2) 

1) Aoeumulacor pressures beloif 

1) Performance degraded due to 

1) 

operating rcciulcenients 

low accumulator pressures 


2) AccucDulator pressures above 

Z) Safety margin reduced Foten- 

2) 

operating requlrenents 

clal for rupture or leek of 


3) Accunnilator pressure decay 

components Increased 

3) 

with ticrc 

3) Overboard propellant loss re- 

4) 

4) Aecuaiulator pressure decay 

sultins In eventual loas of 


with tine 

system 



4) Overboard propellant loss re- 



suiting in eventual loss of 



sysecin 


1) AccuQulator pressure cannot 

1) Ho effect 

1) 

be relieved nanuall^ 

2) Overboard propellant loss re- 


2) Accumulator pressure decay 

suiting In eventual loss of 

2) 

with tlae 

system operability 



2 2 2 

FAIIURE WOE AND EFfECTS ANALYSIS SYSTEM 2 0 A S 0 ASSEMBLY 

SUBSYSTEM 2.2 & 5 2 SHEET 1 of 1 



6U-8 






























COMPONENT IDENTIFICATION 

FUNCTION OF 
COMPONENT 

FAILURE MODE 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

NAME 

DRAWING 

NUMBER 

PRIMARY 

REDUNDANT 

2.3,1.x Turbine* 

U-1 

Convert gas generator thrust to 

' 

1) Turbine fails to ro- 


1) Low 


U-2 

rotating power and transmit to 

tate at required RPM. 


2) low 


U-3 

power train 


2) Turbine fails to ro- 







tate 



2 3.1.2 Power Train* 

PT"1 

Transmit turbine power to pump. 

Po^^er linkage falls. 


Low 


PT-2 







PT-3 






2 3 13 Pump* 

P-1 

Receive liquid hydrogen at 20 psia, 

1) llajor external leakage 


1) Medium 


P-2 

boost to accumulator pressure or 

due to seal failure. 


2) Low 


P-3 

A/B engine system pressure, and 

2) Impeller fails to ro- 


3) Low 



deliver to heat exchangers or A/B 

Cate at required RPM. 





propellant distributxon lines 

3) Impeller fails to ro- 







tate . 



2 3.1.4 Soleno3.d Valve 

V-90 

Admit liquid hydrogen into suction 

1) Valve fails to open. 


1) Medium 


V-91 

side of pump 


2) Valve fails to close 


2) Low 


V-92 



or leaks internally. 




V-93 







V-94 







V-63 











1) Valve fails to open. 

1) Medium 






2) Valve fails to close 

2) Low 






or leaks internally 


2,3.1 5 Check Valve 

V-64 

Insure unidirectional flow of 

1) Valve fails to open. 


1) Low 


V-65 

liquid hydrogen from discharge 

2) Valve fails to close 


2) Low 


V-66 

side of pump. Preclude reverse 

or leaks internally 




V-67 

flow of gaseous 

and/or liquid hy- 





V-68 

drogen in system during A/B engine 





V-69 

start 










1) Valve fails to open. 

1) Low 






2) Valve fails to close 

2) Medium 

' 





or leaks internally. 

■ 


* Critical component 




























FAILURE MODE AND EFFECTS ANALYSIS 


SYSTEM 2 0 


ASSEMBLY: 2 3,i 


SUBSYSTEM 2 3 SHEET 1 of 2 


FAILURE EFFECT ON 

RECOHNEIeDATIONS FOf^ 
DETECTION fJETHOD 

OTHER RECOfWENDATIOHS 

MISSION 

OPERATIONS^..^^ 

CATEGORY 

SUBSYSTEM 

SYSTEM 

MISSION 

1) Znsu£flei6nt power (delivered 
to pump resulting in pcrforni* 
Once degradation 

2) No power delivered to pump 



1} Ho effect on crew safety o 
primary mission objective 
2) Same as 1) above 

r 

Measure turbine speed 

None. 

1) A(3) 
B(3) 
0(3) 

2) A(3) 

B(3> 

0(3) 

Mo power dolivcccd to puop 

1) Contaislnation of subsysters 
compartment 

2) Unable to deliver LH^ to heat 
exchanger and A/5 engine eya** 
tom at proper flowrate 

3) Same as 2) obovo 

Accumulator rcprossuritotlon rate 
capability and tHg flowrate to 
A/5 engine syocem reduced 

1) Accumulator repressurization 
rate capability and XUs flow* 
rate to A/B engine system re* 
duced 

2) Same as I) above 

3) Same as 1) above 


Mo effect on crew safety or pri- 
Diary mission objective 

1) No effect on crew sofet> or 
primary mission objective, 

2) Same as 1) above 

3) Same as 1) above 

Measure turbine speed end purap speed or 
gearbox temperature 

1) Measure pump discharge pressure or 
cotopartment temperature 

2) Measure pump speed 

3) Measure pump speed 

Perform scheduled inspection and main- 
tenancQ of lubricotlon system 

Hone 

0 A(3) 
B(3) 
0(3) 

1) A(3) 
B(4) 
0(3) 

2) A(3) 
B(A) 
0(3) 

3) A(3) 
B(A) 
0(3) 

1) Turbopump rendered uaelcos to 
aubsyatCD 

2) Asaombly cannot be isolated 

1) Accumulator rcprossurlzotion 
rate capability and LH^ flow- 
race Co A/B engine system re- 
duced 

1 ) Possible effect on pumps In 
airbreathing engines due to 
the delivery of high pressure 
bi-phesc hydrogen 


1) Ho effect on crew safety or 
prinmry mission objective 

2) Ho effect on craw safety or 
primar> mission objective 

Use valve position switch and measure 
purap suction pressure 

Perform valve cycle and leak test 

1) A(3) 
B(A) 
0(3) 

2) A(4) 
B(4) 
C(A) 

1) Turbopump rendered useless to 
subsystem 

2) Assembly cannot be Isolated 

1) Same as 1) above 

2) Same as 2) above 


1) Mo effect on crew safety or 
primary mission objective, 

2) Major effect on crew safety or 
primary mission objective 



L) A(3) 
B(4) 
0(3) 
2> A(3) 
B(4) 
C(2A) 




1) Ho effect on crow sofecy or 
primary rniesion objective 

2) Ho effect 

■(casure purap discharge pressure or line 
)rc6sure downstream of valve 

L) Perform chock valve functioaal test. 
2) Perform check valve functional test. 

1) A(3) 
B(4) 
0(3) 

2) A(4) 
B(4) 
0(4) 

1) Assembly rendered useless for 
delivoty of to A/B engine 

system A/B engine propellant 
dcLlvory line cannot be purged. 

1 ) Mo effect 



1) Same as 1) above 
1) Reverse flow of tHg possible 

1) Same as 1) above 

2) Ho effect 

1) Sane as 1) above. 

2) Ko effect 

^ovidc prescure tap between scries re- 
dundant valves for single point failure 
letcetion 

Redundancy may not be required 

1) A(3) 

B(4) 

0(3) 

2) A(4) 

B(4) 

0(4) ip 

r. 































COMPONENT IDENTIFICATION 


NAME 

DRAWING 

NUMBER 

FUNCTION OF 
COMPONENT 

2 . 3 .1 . 6 . 1 Heat Exchanger 

H-1 

Convert liquid hydrogen to gaseous 


H-2 

form using hot exhaust gases from 


H-3 

gas generator and deliver to hy- 



drogen gas accumulators at approx- 



imately 1500 psia. 

2.31.62 Solenoid Valve 

V-45 

Direct flow of liquid hydrogen 


V-46 

from discharge side of pump to A/B 


V-47 

engine system or heat exchanger as 


V-48 

required by system demand 


V-49 



V-50 



FAILURE MODE 


PRIMARY 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


Partial blockage of 
coll by contaminants 
In LHs 

Coll major leakage. 
Coll minor leakage 


1) Low 

2) Low 

3) Medium 


Valve falls to open. 
Valve falls to close 
or leaks Internally, 


1) Valve fails to open. 

2) Valve falls to close 
or leaks internally. 


1) Medium 

2) Low 


1) Medium 

2) Low 


B-122 

















FAILURE EFFECT ON 


FAILURE MODE AND EFFECTS ANALYSIS 


RECOMHEJ.DATIONS FOR 
DETECTION riETHOD 


SYSTEM 2 0 
SUBSYSTEM 2 3 


OTHER RECOMMENDATIONS 


ASSEMBLY 2 3.1 


MISSION 

OPERATIONS 


SHECT 2 of 2 


CRITICALITY 

CATEGORY 


1) Reduced capability tc recharge 1) Aceumulecor repreesurlsotlon 

accUtsulfitoES reco capability rodueod 

2) Xurbine everapeed potential 2) Accumulator overprcesurltacloi 

cxlBta poselblc 


1) No olfecC on crew safety or 
prlnacy nlsalon obJoeBivo, 


2) Accumulator overprcesurlsatlon f 2) Saioc as 1) above 


3) Reduced capability to recharge 3) Accumulator repress urixatlon 


accumulators 


rate capability reduced 


1) Assembly rendered useless for 1) Accunulator rcprcssurlzation 

accumulator roprossurizaclon rate capability reduced. 

Gas genscatoi: cannot bo purged. 2) No effect 

2) No effect 


Same as 1) abova. 


1) No effect on crev safety or 
primary mission objective 

2) Mo effect 


Measure heat cxcliangcr outlet pressure 
If preseura fatlo bclov lover llnlt» 
pump suction valves must bo closed to 
isolate system 


Use valve position SvltcUi measure pump 
discharge pressure or gas generator in- 
let pressuco 



1) Same as 1) above 

2) LBg flow Co heat exchanger 
cannot be controlled 


1) Same aa 1) nbovc 


) Possible over-pressurIzatLon 
of Hg accutoulators Capabil* 
Ity to deliver to air- 
breathing engines Impaired 


1) Saise Qs 1) above Use valve position switch, cooasuca pump 

2) Possible effect on crew safety discharge pressure or gas generator In- 
or primary mission objective let pressure 


Perform valve cycle and look check 


1) A(3) 
B(4) 
C(3) 

2) A(2A) 
B(3) 
CCW 



€Zt-a 























COMPONENT IDENTIFICATION 


FAILURE MODE 


DRAWING 

NUMBER 



FUNCTION OF 
COMPONENT 


Provide turbine drive gesee for 
the turbopuiop assembly and a high 
temperature heat source for the 
heat exchangers. 


Assure delivery of gaseous hydro- 
gen at the proper conditions to 
the hydrogen accumulators and gas 
generator bootstrap system 


Admit GO 2 aud GHj propellants to 
the gas generator 


REDUNDANT 


1) Major hot gas external 
leakage . 

2) Blockage of propellant 
injectors 


1) Partial blockage of 
coil by contaminants 
in LH 2 . 

2) Coil major leakage 

3) Coil minor leakage. 


Valve fails to open 
Valve falls to close 
or leaks internally. 



PROBABILITY OF 
MALFUNCTION OCCURRENCE 


1) low 

2) low 


1) low 

2) low 

3) Medium 


Allow unidirectional flot? of GR 2 

to the accumulators Preclude 
backflow of high pressure gas 
through the heat exchanger 


1) Medium 

2) Low 


1) Valve falls to open 1) Medium 

2) Valve fails to close 2) low 
or leaks internally 


1) low 

2) low 
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1) Losa of aubsyatetD 

2 ) ^oasiblo pcrfortoancfl 
degradation of turbine 


1) Reduced capability to recharge 1) 
Qccunulacora 

2) Turbine overapeed potential Z) 

cxlets 

3) Reduced capability to 3) 

recharge accunmlatora 


1) lurbopurap rendered uscleaa 
zj No effect 


1) Turbopuoip rendered useless 

2) Overboard loss of ptopelloncs 
Asaeably cannot be isolated 


1) Eminent turbopuaip feilure due 1) 
to deadhead pumping Sub*- 
assembly rendered uielets for 2) 
eccuDulstor recharge 

2) No effect 


1) Some ae 1) above. 

2) No effect 


FAILURE EFFECT ON 


Gomparttnene fire could rosult 
Decrease in turbine output 
would affect reprcssurltation 
capability ond also affect Lila 
flowrate to A/B engines 


FAILURE rSODE AND EFFECTS ANALYSIS 


RECOltMEI.DAnONS FOR 
DETECTION METHOD 


SYSTEM 2 0 
SUBSYSTEM ^ 3 


OTHER RECOdHENDATlONS 


MISSION 

OPERATIONS^^^^^ 



CATEGORY 


1} Catastrophic loss of stage, 

Z) Loss of hydrogen conditioning 
subsystem could affect mlseion 
termination 


Accumulator repressurisatlon 1) No effect on crew safety or 
rate capability reduced prinory mission objective ' 

Accvimilator ovcspxessurlsaelon 2) Sane as 1) above 
possible 3) Same as 1) abova 

Accumulator repreesurltatlon 
rate capability reduced 


1) Possible performance 

degradation duo ec loss of 
turbopump assembly 
Z) No effect 


1) No effect on crew safety or 
primary mission objective 

2) No effect on crow safety or 
primary mission objective 


Possible performance 
degradation due to loss of 
turbopump aascenbly 
Accumulator pressure loss with 
Increasing time resulting 
In system loss 


Accumulator reprcssurlzatlon 1) 

rate capability reduced 

effect 2) 


No effect on crew safety of 
primary mission objoctlvc. 
Major effect on crew oofocy 
ana primary mtsslon objective 


No effect on crew safety or 
ptlmary mission objective 
Same as above 


1) Same os 1) above 

2) No effect 


1) Same as 1) above 

2) No effect 


Measure gas generator chamber pressure 


Measure heat exchanger outlet pressure 
If pressure falls below lover limit* 
punip ouccion valves imibu bo closed eo 
Isolate system 


Use valve position swltchi noasurc gas 
gcnorctor chamber pressure 


Use valve position switch* measure 
gas generator chamber pressure 


1) Measure hcot exchanger outlet pres- 
sure 

2) Provide pressure tap between aeries 
redundant valves for single point 
failure detoction 


Provide pressure tap between series 
redundant valves for single point 
failure detection 



1) A(1 ) 
B(3) 
C(1 ) 

2) A(2A) 
B(3) 
C(2A) 


1> A(3) 
B(3) 
C(3) 
2> A(3) 
B(3) 
C(3) 
3) A(3) 
B(3) 
0(3) 



PerforD valve cycle and leak Cent 


1) Hone 

2) Peeforra check valve luncClonol test 


1) A(3) 
B(4) 
0(3) 

2) A(2A) 
B(3) 
C(2A) 
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I 



COMPONEHT IDENTIFICATION 

FUNCTION OF 
: COMPONENT 

FAILURE MODE 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

NAME 

DRAWING 

NUMBER 

PRIMARY 

REDUNDANT 

2 4.1..1 Turbine* 

U-4 

Convert gas generator thrust to ro’ 

1) Turbine fails to 

1 

1) Low 


U-5 

bating power and transmit to j^ower 

rotate at required RFH 


2) Low 


U-6 

train 

2) Turbine falls to 



! 



rotate , 



2 4 12 Power Train* 

PT-4 

Transmit turbine power to 

Power linkage fails 


Low 


PT-S 

compressor. 



i 


PT-6 





2413 Compressor* 

CV-1 

Remove ullage gas from mam lOg 

1) Major external leakage 

i 

1) Medium 


CV-2 

tank at 35 to 40 psia and compress 

due to seal failure 


2) Low 


CV-3 

to 1500 psia for delivery to GOg 

2) Compressor blade falls , 


3) Medium 



accumulators 

3) Compressor bearing 






fails . 



2414 Check Valve 

V-54 V-85 

Insure uni-direccional flow of 

1) Valve fails to open 


1) Low 


V-55 V-86 

1500 psia GOg into accumulators 

2) Valve fails to close 


2) Medium 


V-S6 V-87 

Preclude reverse flow of high 

or leaks internally 





pressure GO^ into compressor. 








1) Valve fails to 

1) Low 





open 

2) Medium 





2) Valve fails to 






close or leaks 






internally. 


2415 Solenoid Valve 

V-57 

Admit low pressure (35 - 40 psia) 

1) Valve fails to open. 


1) Medium 


V-58 

GO 2 to compressor. 

2) Valve fails to close 


2) Medium 


V-59 


or leaks xnternally 




V-60 






V-61 






V-62 









1 ) Valve fails to open 

1) Medium 





2) Valve fails to close 

2) Medium 





or leaks Internally 



* => Critical component 
































failure mode AMD EFFECTS AHALYSIS SYSTEM 2 0 ASSEH8LY ^ ^ j 

SUBSYSTEM 2 A 1 of 1 


FAILURE EFFECT ON 

RECOMMECDATrOHS FOR 
DETECnOK flETHOa 

OTHER RECOMHENOATIOHS 

fllSSION ^ 

___ — ' — CATEGORY 

SUBSYSTEM 

SYSTEM 

MISSION 

1) Inaufflclenc power delivered 
to compressor resulting In 
reduced output of blgb 
pcesaura GOg 

2) Ho power delivered to 
compresBor resulting In 
reduced output of high 
pressure GOg 

1) Accumulator ropressurisatlon 
rate capability reduced 

2) Same aa above 

1) Ho effect on crew safety or 
primary roLssion objcccive 

2) Some os obovo 

Meaauro turbine speed 

None 

1) A(3) 
B<3) 
0<3) 
S) A(3) 
B(3) 
C(3) 

Ho power delivered to compresaor 

Accumulator rcprcssurizatlon rate 
capability reduced 

No effect on crew safety or 
primary mission objective 

Measure turbine speed and compressor 
speed or gearbox temperature 

Perform scheduled Inspection and 
aalntcnancc of lubrication systen 

A(3) 

B(3) 

0(3) 

1) ContsnLnaCion of subsyston 
conpartnent by COg 

2) Reduced output of high 
presBurc GOg 

3) Same as 2) above 

1) Ho effect 

2) Accumulator ropressurlzotion 
rato capability reduced 

3) Same as 2) above 

1) No effect on crew safety oc 
primary mission objective 

2) Same as above 

3) Some as above 

L) Measure compressor discharge 

pressure or cooparCment pressure 

2) Inspection 

3) Measure conpresaor speed and/or 
bearing tompcracurc 

1) None 

2) Perform scheduled inspection per 
postflight procedures 

3) None 

1) A(3) 
B(3> 
0(3) 

2) A(3) 
B<3) 
C{3) 

3) A(3) 
B(3) 
0(3) 

1) Asseenhty rendered uScleSR 
to Subsystem for eccumulator 
rcpecssurlzatlon flubsystem 
performance degraded 
2) Ho effect 

1) Accumulator rcprcasurlsatlon 
rate copabillty reduced 

2) Ho effect 

1) No effect on crew flofety nr 
primary mission objective 

2) Same os above 

Meaeiiro conipreesor dlschargo presiuro 
Provide pressuec tap between series 
redundant valves for single point 
failure detection 

Perform check valve functional tost 

1) A(3) 
B(4) 
0(3) 

2) A(4) 
B(4) 
0(4) 

1) Same as 1) above 

2) Fosalblo reverse flow of high 
pressure GOg Into 
compressor 

1) Same as 1) above 

2) Potential exleta for over- 
pressurization of main 
LOg tanks 

1) SatDC Bs 1) above 

2) Possible effect on crew 
safety and primary mietion 
objective 

Heaeure coirpressor discharge pressure 
Provide pressure tap between series 
redundant valves for single point 
failure detection 

Perform check valve functional test 

1) A(3) 
B(4) 
0(3) 

2) A(2A) 
B(3) 
C(2A) 

1) Assembly rendered useless 

to subsystoQ for accunulacor 
rcprcssurlzotion 

2) No effect 

1) Accumulator repressurization 
Vate copabillty reduced ^ 

2) Ho effect 

1) No effect on crew safety or 
primary mission objective 

2) Same as 1) above 

Use valve position switch, measure 
compressor inlet pressure 

Perform velvc cycle and leak check 

1) A(3) 
B(4> 
C<3> 

2) A(4) 
B(4) 
0(4) 


0 A(s) 
B(4) 
CO) 
2) A<3) 
B(4) 
CO) 



1) Sano 88 1) above 

2) Assembly cannot be isolated 


1) Sarito as 1) above 

2) Ko effect 


1) Same os 1) above 

2) Same as 1) above 


Use valve position switch, measure 
compccssoc Inlet pressure 


Forfoiia valve cycle and leak cheek 


















































COMPONENT IDENTIFICATION 


NAME 


2 4.2 1 Gas Generator 

G-4 

G-5 

G-6 

2422 Solenoid Valve 

GOV-4 

GOV-5 

GOV-6 

2423 Solenoid Valve 

GFV-4 

GFV-5 

GFV-6 



FUNCTION OF 
COMPONENT 

DRAVIING 

NUMBER 


Provide turbine drive gases for 
the turbocompressor assembly. 


Admit GOg propellants to the gas 
generator. 


Admit GHg propellants to the gas 
generator. 



FAILURE MODE 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

PRIMARY- 

REDUNDANT 


1) Major hot gas 
external leakage 

2) Blockage of propellant 
injectors 


1) Low 

2) Low 


1) Valve fails to open. 

2) Valve falls 6o close 
or leaks internally 


1) Medium 

2) Medium 

1) Valve fails to 
open. 

2) Valve fails to 
close or leaks 
internally. 

1) Medium 

2) Medium 


1) Valve fails to open. 

2) Valve falls to close 
or leaks internally. 


1) Medium 

2) Medium 

1) Valve fails to 
open. 

2) Valve falls to 
close or leaks 
internally 

1) Medium 

2) lledxuRi 
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FAILURE MODE AHO EFFECTS ANALYSIS 


SYSTEH 2 0 
SUBSYSTEf} 2 4 


ASSEMBLY 


2 4 2 


1) Contaiolnaelon of subsyatcra 
coaparCncnK 

2 ) Possible perforcronce 
degrad&clor of turbine 


1) Turbocoopceasor asscnbly 
rendered usolcss to subsystom 
for accumulator recharge 
Assembly cannoC be purged 

2) No effect 


1) Same as 1) above 

2) Overboard loss of propellants* 
assembly cannot be isolated 


1) Turbocompressor assembly 
rendered useless to subsystem 
for accumulator recharge •- 
assembly cannot be purged 

2) Ho effect 


failure effect on 


1) Accumulator repressurisotion 
rate capability reduced 

2) Same as above 


1) Accumulator rcprcssurizatlon 
race capability reduced 

2) Ho effect 


1) Same as 1) obove 

2) Accumulotor prosaure Loss 
with time resulting In 
eventual system loss 


1) Accumulator reprcssutlzatlon 
race capability reduced 

2) Ho effect 


t) Ho effect on crew safety or 
primary mission objective 
2) Same as above 


1) Ho effect on crew safety or 
primary olsston objective | 

2) Samo as above 


1) Same as 1) above 

2) Major effect on crew safety 
and primary mission objective 


1) Ko efface on crow oafety or 
primary icklsslon objective 

2) Same as above 


REC0M7IENDATI0NS FOR 
DETECTION METHOD 


Measure gas generator chamber prosaure 


OTHER RECOMMENDATIONS 



Use valvQ position switch, measure gas Perform valve cycle and leak test 
generator Inlet pressure 


Use valve poalClon swlCeh, measure gas Perform valve cycle ond leak test 
generator inlet pressure 


Use valve position switch, measure gas Perform valve cycle and leak test 
generator Inlet pressure 


MISSION 

OPERATIONS 


1) A(3) 
B(3) 
C(3) 

2) A<3) 
11(3) 
C(3) 


1) A(3) 
B(4) 
C(3) 

2) A(A) 
B(4) 
0(4) 


1) A(3) 
B(4) 
0(3) 

2) A(2A) 
B(3) 
C(2A) 


1) A(3) 
B(4) 
0(3) 

2) A(4) 


1) Seme as 1) above 

2) Overboard loss of propellants 
Assembly cannot be isolated 


1) Some as I) above 1) Same as 1) above * 

2) Accumulator pressure loss with 2) Major effect on crew safety 

time resulting in eventual and primary mission objective 

system loss 


Use valve position switch, measure gas Farferm valve cycle ond leak test 
generator inlet pressure 


C(3) 

2) A(2A) 
B(3) 
C(2A) 







































COMPONENT IDENTIFICATION 

FUNCTION OF 
COMPONENT 

NAME 

DRAWING 

NUMBER 

2.6«1 1 Gas Generator 

G-7 

Provide turbine drive gases for 


G-8 

the turbine 


G-9 

! 


2 6.1.2 Turbine* 

X-l 

Convert gas generator thrust to 


X-2 

rotating power and transmit to 

1 

X-3 

power train. 

1 2.6,1 3 Power Trai-n* 

FT- 7 

Transmit turbine power to 


PI-8 

booster power converter 


PI-9 



2614 GHg Sol^noxd Valve GFV-7 Admit GHg ptopellants to the gas 

GFV-8 generator. 

GFV-9 



2 6.1.5 GOs Solenoid Valve 



Admit GOa propellants to the gas 
generator. 


Critical component 


PRIMARY 


FAILURE MODE 


REDUNDANT 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 


1) Hot gas external 
leakage (major) 

2) Blockage of propellant 
injectors . 


1) Turbine fails to 
rotate at required RPM 

2) Turbine fails to 
rotate. 


Power linkage fails 


1) Valve falls to open 

2) Valve fails to close 
or leaks internally. 


1 ) 

2 ) 


1) Valve fails to open 

2) Valve fails to close 
or leaks internally. 


1 ) 

2 ) 


Low 

Low 


1) low 

2) Low 


Low 


1) Medium 

2) Medium 


Valve fails to 1) 

open. 2) 

Valve fails to 
close or leaks 
internally. 


1 ) 

2 ) 


Valve fails to 1) 

open 2) 

Valve falls to 
close or leaks 
internally 


Medium 

Medium 


Medium 

Medium 


Medium 

Medium 
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1 1 Ef£oct 

on eMcecnal subsyscom 

FAILURE MODE AND EFFECTS ANALYSIS 

SYSTEM 2 0 
SUBSYSTEM 2 6 

AS5EH3LY: 

2.6,1 

SHEET 1 of 1. 

FAILURE EFFECT ON 



HlSSIOil 

__ — — 

SUBSYSTEM 

SYSTEM 

MISSION 


RECOMMEIiDATiQNS FOR 
DETECnON HETKOI) 

OTHER RECOHHEIIDATIONS 


CRITICAim 

CATEGORY 


1) ConCamlnatlon of subayitcn 

eoDsporentnt 

2) Possible petfotoiancc 
dcgrodetion of turbine 

1) Hoxlinun power cuepue 

copablllty Co booster power 
converters reduced 

|2) Same as above | 

1) No effect on crew safety or 
primary mission objective 

2) Same as above 

Measure gee generator chamber pressure 

None 

1) A(3) 
B(A) 
C(3) 

2) A(3) 
S(«) 
C<3) 

1} Insufflclcnc povec delivered 
to power Converter 
2) Mo power delivered co power 
converter 

1) Kaxlnum power output 

capobillty CO booster pouor 
converters reduced 

|2) Same as above | 

1) Ko effect on crew safety or 
primary mission objective 

2) Same as above 

Measure turbine speed 

None 

1) A<3) 
B(A) 
C(3) 
Z) A(3) 
B(4> 
C(3) 

Mo power delivered to power 
converter 

MaxlEBum power output copablllty 
to booster power converters 
reduced * 

No effect on crew safety or 
primary mission objective 

Measure turbine speed end power 
converter output or gearbox teroperatura 

Perform scheduled inspection and 
maintenance of lubrication system 

A(3) 

B(4) 

C(3> 

1) Turbine drive assembly rcndcrec 
useless to subsystem for power 
supply to power converters 
Assembly cannot be purged 

2) No effect 

1) Haxltnum power output 
capability Co booster power 
converters reduced 

2) No effect 

1) No effect on crew safety or 
primary mission objective 

2) Same os above 

Use valve position switch^ measuxe 
gas generator inlet pressure 

Perform valve cycle and leak test. 

» A{3) 
B(4) 
C(3> 
2) A(4) 

B(4) 

CC4) 

1) Same os 1) above 

2) Overboard loss of propellants 
Assosbly cannot be Isolated 

1) Same os 1) above 

2) Accumulator pressure loss with 
time resulting in eventual 
loss of system 

1) Same as I) above 

2) Major effect on crew safety 
and primary tnlssion objective 

Use Valve position switch, measure gas 
generator inlet pressure 

Perform valve cycle and leak teat 

1) A(3) 
B(4) 
C(3) 

2) A(2A> 
B(3) 
C<2A) 

1) Turbina drive assembly 
rendorod usolose to subByoCem 
for power supply to power 
eonvercets Assembly cannot 
be purged 

2) Mo effect 

1) Kaxinunt power output 
capability co booster 
power converters reduced 
2> No effect 

1) No effect on crew safety or 

primary mission objective 

2) Same as 1) above 

Use valve position switch, measure gas 
gcucratuc InluC pressure 

Perform valve cycle and leak test. 

1) A(3) 
B(4) 
C(3) 

2) A(4) 
B{4) 
C(4) 

1) Same as 1) above 

2) Overboard loss of propellants 
Assembly cannot be isolated 

1) Same as 1) above 
2> Accumulator pressure loss with 
Cime resulting In eventual 
loss of system 

1) Mo effect on crew safety or 
primary mission objective 

2) Major effect on crew safety 
and primary mission objective 

Use valve position switch, measure gas 
generator islet pressure 

Perform volve cycle and leak test 

« A(3) 
B(4) 
C(3) 

2) A(2A) 
BC3) 
C(2A) 


















































COMPONENT IDENTIFICATION 


FAILURE MODE 


5 3 1,1 Gas Generator 


5 3 12 Keat E^ccbanger 


5 3 1.3 ard 5 3 1.4 

GO 2 and GHs Solenoid Valve 


5 3 1.5 and 5 3.1 6 
GOa and GHa Check Valve 


DRAWING 

NUMBER 



FUNCTION OF 
COMPONENT 


Provide turbine drive gases for 
the turbopurop assembly and a high 
temperature heat source for the 
heat exchanger. 


1) Major hot gas external 
leakage. 

2) Blockage of propellant 
injectors. 


Assure delivery of gaseous hydro- 1) 
gen and oxygen at the proper 
conditions to the hydrogen and 
oxygen accumulators, respectively, 2) 
and to the gas generator bootstrap 3) 
system. 


Admit GO 2 and GH^ propellants to 
the gas generator 


Partial blockage of 
coil by contaminants 
in LOg or LH^ 

Coll major leakage 
Coll minor leakage. 


Valve fails to open. 
Valve fails to close 
or leaks internally 



PROBABILITY OF 
MALFUNCTION OCCURRENCE 


1) Low 

2) Low 


1) Low 

2) Low 

3) Medium 


1) Medium 

2) Low 


1) Valve fails to open, 1) Medium 

2) Valve falls to 2) Medium 

close or leaks 

internally 


1) Valve fails to open 

2) Valve fails to close 
or leaks internally 



1) Low 

2) Low 


1) Valve fails to open. 1) Low 

2) Valve falls to close 2) Medium 
or leaks internally 
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FAILURE MODE AND EFFECTS ANALYSIS 


SYSTEM 5 0 

SUBSYSTEM 5 3 


ASSEMBLY: S-3-L 


FAILURE EFFECT ON 


subsystem 

SYSTEM 

MESSIOK 

RECOHHEIIDATIOHS FOR 

detection method 

1) ConcamlnsClon of aubsyatem 
compaECmenC 

2) Eoesible performance 
dcgradBCion of turbine 

1) Accumulator repressurization 
rate capability and flow' 

rate to A/B engine system 
reduced 

|2) Same as above | 

1) Ho effect on erev safety or 
primary mission objective 

2) Same as above, 

1 

Measure gas generator chamber pressure 

1> Reduced copabtUcy to 
recharge accuaiulators 

2) Tutbinc overspecd potential 
exists, 

3) Reduced copabillcy co 
recharge accumulators 

1) Accumulator repressurlzatlon 
rate capability reduced 

2) Accumulator overpressurization 
possible 

3) Accumulator rcpressuritatlon 
rate capability reduced 

1) No effect on crev sofety or 
primary mission objective ^ 

2) Same as above 

3) Same as above 

Measure heat exchanger outlet pressure 
IE pressure falls below lower limit, 
punp suction valves must be closed to 
isolate system 

1) Turbopunp rendered useless 

2) No effect 

1) Possible performance 
degradation due to loss of 
turbopump assembly 

2) No effect 

1) No effect on crew safety or 
primary mission objective 

2) Same as 1) obove 

Use valve position switch, measure go$ 
generator chamber pressure 

1) Turbopunp rendered useless 

2) Overboard loss of propcltanta 
Assembly cannot be Isolated 

1) Same as 1) above 

2) Accumulator pressure loss 
with time resulting In 
eventual system loss 

1) Same as 1) above 

2) Major effect on crew safety 
and priniDcy mission objccclvc 

Use valve position switch, measure gss 
generator chorabcc pressure 

1) Eminenc turbopump failure duo 
to deadheod pumping Sub« 
assembly rendered useless for 
accumulator recharge 

2) No effect 

1) Accumulator rcpressurizaclon 
rate capability reduced 

2) No effect 

1) Ho effect on crew safety or 
mission objective 

2) Same as 1) above 

1) Measure heat cxcluingur outlcc 
pressure 

2) Provide pressure tap between series 
redundant valves for single point 
failure determination. 

1) Same as 1) above 

2) No effect 

1) Sane os 1) above 

2) No effect 

1) Same as 1) above 

2) Some as 1) above 

1) Sane as 1) above 

2) Sane as 2) above 






OTHER RECOMMENDATIONS 


1) Kono 

2) PcrforiQ valve cycle test and leak 
clieck 


1) None 

2) Pocfotni check valve functional test, 


1) None 

2) Petforn check valve functional test. 


□ 


Effect on External Svbsystea 



1) A(3) 
B{A) 
CC3) 

2) A(2A) 
B(3) 
CC2A) 


1) A(3> 
B(4) 
C(3) 

2) «4) 
B(4) 
C(4) 


I) A(3) 
»(4) 
«(3) 
2> A(4) 
»{4) 
C(4) 


ECI-5 












































COMPONENT IDENTIFICATION 


FAILURE MODE 


5.3 2 4 and 5 3 2.5 

LOg and LH^ Solenoid Valve 


DRAWING 

NUMBER 



FUNCTION OF 
COMPONENT 


Convert gas generator thrust to 
rotating power and transmit Co 
power train. 


Transmit turbine power to pump 
and power converters 


REDUNDANT 


1) Turbine fails to rotate 
at required RFM. 

2) Turbine fails to rotate 


Power linkage fails. 


Receive liquid hydrogen at 20 psia. 1) 
boost to accumulator pressure or 
A/B engine system pressure, and 2) 
deliver to heat exchangers or A/B 
propellant delivery system. 3) 


Major external leakage 
due to seal fracture 
Impeller fails to 
rotate at required RPM, 
Impeller falls to 
rotate . 



Admit liquid hydrogen or LO^ 
into suction side of pump 


1) Valve fails to open. 

2) Valve fails to close 
or leaks internally 


PROBABILITY OF 
MALFUNCTION OCCURRENCE 



1) Valve fails to 
open 

2) Valve fails to close 
or leaks internally. 


Medium 

Low 


B-134 
























FAILURE 


FAILURE EFFECT ON 


SUBSYSTEM 

SYSTEM 

MISSION 

1) Insufficient power delivered 
to puap end orblter power 
convetCccs rceultlng In 
performance dej^radetien 

2 ) Mo power delivered to pump end 
orblter power converters 

1) Accumulator repressurleetlon 
rote capability and flow- 

rate to A/B engine system 
reduced 

I 2 ) Same as above | 

1) No effect on crew safety or 
primacy mission objective. 

2) Same as above 

No power dollvcrcd to pump end 
orblter power converters 

Accumulator rcprcssurlzatlon rote 
capability and 11 ^ flowrate to 
A/B engine system reduced 

Power output to orblter power 
converters reduced 

No effect on crew safety or 
primacy mission objective 

I) ConteolnaClon of subsysCeta 
comportment 

Z) , Unable to deliver Lllg ond/or 
^ LO 3 to Kept exchanger end 

Co A/B engine system et proper 
flowrate 

3) Same as ZY above 

1) Accumulator repreisurlzatlon 

rate capability and flow- 

rate to A/B engine system 
reduced 

2) Some es 1) above 

3) Same as 1) above 

1) No effect on crew safety or 
primary mission objective 

2) No effect on crew safety or 
primary mission objective 

3) No effect on crew safety or 
primary mission objective 

1) Turbopunrp rendered useless to 
subsystem 

2) No effect 


1) No effect on crew safety or 
primary mission objective 

2) Same as above 

1) SaiDC os 1) above 

2) Same as 2) above 

|l) Seme as 1 ) above I 

2 ) UncMtcollod flow of LH^ or 
'EO^thrpugh pump, heet 
exchanger, and into aceumula- 
tors Assembly cannot be 
Isolated 

1) Same as 1) above 
2} Major effect on crew safety 
or primary mission objective 


MODE AND EFFECTS ANALYSIS SYSTEM 5 0 ASSEHSLY 5 3 2 

SUBSYSTEM S3 SHEET i of i 




MISSION 



RECOHIEI.mnONS FOR 


OPERATIONS 

'■'■'’’’"^^CRITICALITY 

DETECTION METHOD 

OTHER RECOKMEKOATIONS 




CATEGORY 

Measure turbine speed 

None 

1 ) 

A(3) 





B(3) 





C(3) 




2 > 

A<3) 





B(3) 





C(3) 


Measure turbine speed and pump speed 

Fcrforoi scheduled inspection and 

A<3> 


on gearbox tcmpctatuce 

jBolntcnancc of lubrication system 

B(3) 

0(3) 


1) Measure pump discharge pressure or 

Hone 

1 ) 

A(3) 


compartment tccDperaturc 



B(4) 


2) Measure pump speed 



C(3) 


3) Measure puzop speed 


2 ) 

A{3) 





BC4) 





C(3) 




3) 

A<3) 





B(4) 





C<3) 


Use valve position switch, measure 

Ferforn valve cycle and leak test 

1 ) 

A(3) 


pump suction pressure 



B(4) 





C(3) 




2 ) 

A<4) 





B<4) 





C<4) 


Use valve position switch, measure 

Perform valve cycle and leak test. 

1 ) 

A(3) 


puu^ suction pressure 



B(4) 





CC3) 




2 ) 

A(3) 





BC4) 





C(2A) 



□ 


Effects oa btcrttsl. Si&syscect 


Stt-8 









































COMPONENT IDENTIFICATION 


FAILURE MODE 

PROBABILITY OF 

NAME 

DRAWING 

NUMBER 

COMPONENT 

PRIMARY 

REDUNDANT 

MALFUNCTION OCCURRENCE 

3 1 1 1 and 6 1.1.1 Fan* 

Hot available 

1) Supplies inlet air to 
compressor. 

2) Contributes to thrust through 
bypass. 

Failure to deliver inlet 
air to low pressure 
compressor , 

None 

Low 

3 1.1.2 and 6.1 1.2 
Low-Pressure Compressoirfr 

Hot available 

Compresses fan inlet air to higher 
presaure and temperature 

Failure to raise pressure 
and temperature of air 
supplied to high pressure 
compressor . 

None 

Low 

3 1 1.3 and 6 1 1.3 
High-Pressure Cor:pressor* 

Not available 

Accepts air from low pressure 
compressor and conditions air 
for inlet to burner. 

Inadequate pressure and 
temperature of air supplied 
to burner inlet 

None 

Low 

3 1 1 4 and 6 1 1.4 
Burner 

Not available 

Mixes air and fuel, ignites 
mixture and expels the combustion 
products 

1) Fuel Manifold wear 

2) Fuel injection can 
wear or burn-out 

3) Combustion chamber 
wear or burn-out 

None 

Low 

3115 and 51. 15 
High-Pressure Turbine* 

Not available 

Drives the high pressure 
compressor 

Loss of speed and failure 
to rotate high pressure 
compressor 

None 

Low 

3.1.1 6 and 6,1 1 6 
Low-'Pressure Turbine*f 

Not available 

Drives the low pressure 
compressor 

Loss of speed and failure 
to rotate low pressure 
compressor. 

None 

Low 


*Critical component. 
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Decrease in power osscably 
o££lelcncy and loss o£ thrust 


Secraase in power assembly 
efficiency and loss of chruse 


Decrease In power assembly 
efficiency and loss o£ theust 


Burn through of outer engine 
casing with loss of thrust 


Dccroose In power assembly 
cffictency and loss of thrust 


Decrease In power assembly 
efficiency and loss of thrust 


FAILURE EFFECT ON 


Loss of tfirusc from one engine 
rc<]ulres additional thrust output 
from the remaining operating 
engines 


Loss of thcusc from one engine 
requires additional thrust output 
from the remaining operating 
engines 


Loss of thrust from one engine 
requires additional thrust output 
from Che remaining operating 
enginos 


Loss of thrust from one engine 
requires additional thrust output 
from the remaining operating 
engines 


Loss of thrust from ona angina 
requires additional thrust output 
fcon the remaining operating 
engines 


Loss of thrust from one engine 
requires additional thrust output 
from the remaining operating 
engines 


Booster vehicle loss with taorc 
Chan two engines out 
Orbiter vehicle leas with more 
than one engine out except when 
Ronpowceed landing is possible 


Booster vehicle loss with moie 
than two engines out 
Orblccr vehicle loss with toore 
than one engine out except when 
nonpowered landing is possible 


Booster vehicle loss with more 
chan two engines out 
Oebitor vehicle loss with more 
than one engine out except when 
nonpowered landing Is possible 


Vehicle loss from flee or 
explosion 


Booster vehicle loss with nuxe 
than two engines out 
Orbitcc vehicle loss with more 
than One engine out except when 
nonpowered landing is possible 


Booster vehicle loss with moro 
than two engines out 
Orbitor vehicle loss with more 
chan one engine out except when 
nonpowered landing is possible 


RECOtWEI.OATIONS FOR 
DETECTION METHOD 


1) In-place ground visual inspection 
with baroscope or pyraocter 

2) Monx-tot vibration level 

3) Monitor sound level 

4) Monitor total specific fuel 
consumption (TSFC) 


1) In-ploce ground visual inspection 
with baroscope or pyrometer 

2) Monitor vibration leva! 

3) Monitor sound level 

4) Monitor total specific fuel 
consumption 

5) Monitor engine pressure ratio 


1) In-placc ground visual inspection 
with baroscope or pyrometer 

2) Monitor vibration level 

3) Monitor sound level 

4) Monitor XSFC 

5) Monitor speed 


1) Flame-cut detection signal 

2) Engine compartment fire signal 

3) In-placc ground visual inspection 

of fuel injection can end combustion 
chombcT 


1) In-plaoo ground vlsval inspection 
with baroscope or pyrometer 

2) Monitor vibration level 

3) Monitor sound level 
4> Monitor TSFC 


1) In-place ground visual inspection 
with baroscope or pyrometer 

2) Monitor vibration level 

3) Monitor sound level 

4) Monitor TSFC 

5) Monitor speed 


HlSSIOrl 

OPERATIONS 


OTHER RECOMMENDATIONS 


CRITICALITY 

CATEGORY 



Provide a combustion ehamher design 
which utilises six. different ground 
rcmovcable chembers and injection cans 
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COMPONENT IDENTIFICATION 

FUNCTION OF 
COMPONENT 

FAILURE MODE 

— 
PROBABILITY OF 

NAME 

DRAWING 

NUMBER 

PRIMARY 

REDUNDANT 

MALFUNCTION OCCURRENCE 

3X21 and 6121 
Inlet: Shutoff Valve 

Not available 

Allows the supply of LHa to the 
variable displacement pump from 
the Propellant Management 
Subsystem 

1) Hear on seals 

2) Electrical fatigue 

3) Hear and yield on 
closure mechanxsm. 

Hone 

Medium 

3 1.2 2 and 6 1.2,2 

Variable Displacement Valve Pump 

Not available 

1) Accepts LHa from the Propel- 
lant Management Subsystem. 

2) Delivers LHe through the fuel 
control system to the fuel 
heater 

1) Wear on seals. 

2) Wear and fatigue on 
blades 

3) Wear and fatigue on 
shafts 

Hone 

Low 

3. 1.2, 3 and 6. 1.2. 3 
Cooldown and Pressure Relief 
Valve 

Not available 

Conditions LH^ for entrance to 
the fuel heater. 

1) Electrical fatigue. 

2) Wear and fatigue on 
closure mechanism, 

3) Wear on seals. 

None 

Medium 

3 1 2 4 and 6 1.2.4 
Fuel Heater 

Not available 

Accepts LHg and emits hydrogen 
vapor 

1) Electrical fatigue 

2) Wear on seals. 

Hone 

Low 

3.1. 2,5 and 6,1,2 5 
Flowmeter 

Hot available 

Measures the vapor flowrate 

from the fuel heater to the 
combustion chamber. 

1) Electrical fatigue 

2) Wear on seals. 

Hone 

Medium 

3 1 2,6 and 6. 1.2. 6 
Shutoff and Dump Valve 

Hot available 

1) Controls flow of Hg vapor from 
fuel heater to engine burner 

2) After stopping flow to the 
engine the valve dumps excess 
propellant overboard 

1) Electrical fatigue 

2) Wear on seals. 

3) Wear and fatigue on 
closure mechanism 

A) Wear and fatigue on 
dump mechanism 

None 

Medium 

3.1 2.7 and 6, 1.2,7 
Electronic Controller 

Not avaxlable 

1) Accepts Inputs from gas path 
analysis, power level angle 
and flowmeter 

2) Controls speed of variable 
displacement vane pump 

1) Electrical fatigue. 

2) Wear, fatigue, and 
yield on mechanical 
control mechanism 

None 

Medium 











































failure effect on 

SUBSYSTEM 

SYSTEM 

MISSION 

Failure to attain engine start 

Engine would not function 

Booster vehicle loss with more 
than two engines out 
Orbltor vehicle loss with mere 
chan one engine ouc 

I>eeceaso In power sasembly 
efficiency and loss of thrust 

Loss of thrust from one engine 
requires additional thrust output 
from the remaining operating 
engines 

Boestoc vehicle loss with Che , 
cqulvolcnc of more ciian two engines 
out 1 

OcblCcr vehicle loss with the | 
equivalent of more than one engine 
out 

Decrease in power aescmbly 
efficiency and Loss of thrust 

Loss of thrust from one engine 
requires additional thrust output 
from the remaining operating 
engines 

Booster vehicle loss with the 
equivalent of more than two engines 
ouc 

Orbitcr vehicle lost with the 
equivalenc of more chan one engine 
out 

Decrease in combustion efficiency 
resulting in loss o£ thrust 

Loss of thrust from one engine re* 
quires addiclonol thrust output 
from Che remaining operating 
engines 

Booster vchlclo lost with the 
equivalent of more than two engine* 
out 

OcblCcr vehicle loss with tho 
equlvolcnt of more than one engine 
out 

Decrease in combustion efficiency 
resulting in loss of thrust 

Loss of thrust from one engine 
requires odditlonal thrust output 
from Che remaining operating 
engines 

Booster vehicle loss with Che 
equivalent of more chan two engines 
out 

Orbltsc vehicle loss with the 
equivalent of more than one engine 
out 

Failure to attain engine start or 
possible decrease la power 
assembly cfflciccicy and loss of 
thrust 

Engine would not function and loss 
of thrust from one engine requires 
additional thrust output from the 
remaining operotlng engines 

Booster vehicle loss with tho 
equivalent of more than two engines 

puL 

Ocblter vehicle leas wit^ the 
equivalent of mote than one engine 
ouc 

Falluto CO attain engine start or 
possible decrease in power 
assembly efficiency and loss of 
thrust 

Engine would not function end loss 
of thrust from one engino requires 
addiclonol thrust output from the 
remaining operating engines 

Booster vehicle loss wicli chc 
equivalcnC of more chan two engines 
out 

Ocbiccr vohlclc loss with the 
equivalent of more than one engine 
ouc 


RECOMKECDATIOHS FOR 
OETECTIOK METHOD 


status vhcn systcra Is In opocatlon 


OTHER RECOMHEKOATIONS 


H1SSI0K 

— ' 

OPERATIO^^ 

CRITICALITY 

CATEGORY 



1) Monitor valvo position uhcn system 
is in operation 

2) PccToru ground electrical and 
functional tests 


1) Monitor functioning status of 

controller during system operation 


functional tests 








































COMPONENT IDENTIFICATION 

FUNCTION OF 
COMPONENT 

FAILURE MODE 

PROBABILITY OF 

NAME 

DRAWING 

NUMBER 

PRIMARY 

REDUNDANT 

MALFUNCTION OCCURRENCE 

3, 1,3.1 and 6 1.3 1 Scavenge 
Pump* 

Not available 

Transfer oil from bearings to 
storage tank. 

X) Uear and fatigue on 
seals . 

2) Wear and yield on drive 
mechanism 

3) Wear and yield on gears 

4) Leakage, 

None 

Low 

3, 1.3. 2 and^6,l,3,2 Oil Boost 
Pump and Main Oil Pressure 
Pumpf* 

Not available 

Supplies oil pressure for 
direction of oil to various 
bearings, gearboxes etc. 

1) Wear and fatigue on 
seals , 

2) Wear and yield on drive 
mechanism. 

3) We'ar and yield on 
gears 

4) Leakage. 

Hone 

Low 

3 1.3 3 and 6 1,3.3 Oil 

Strainer 

Not available 

Removes particles that may be 
detrimental to bearing operation 

1) Clogging of screen. 

2) Leakage 

Hone 

Medium 

3 1.3 4 and 6.1 .3.4 Boost Pump 
Relief 
Valve 

Hot available 

Controls oil boost pump discharge 
pressure by relieving excess 
pressure caused by vehicle altitude 
changes 

1) Wear <and fatigue on 
seals . 

2) Wear on sensing 
element. 

3) Wear and yield on 
closure mechanism 

4) Leakage. 

Hone 

Low 

3.1 3.5 and 6.1 3.5 Boost Pump 
Regulating Valve 

Hot avaxlable 

Supplements oil boost pump 
discharge pressure. 

1) Wear and fatigue on 
seals . 

2) Wear on sensing 
element. 

3) Wear and yield on 
closure mechanism. 

4) Leakage . 

None 

Low 

3. 1*3. 6 and 6 1.3,6 Main 
Pressure Regulating Valve 

Hot available 

Supplements oil pressure pump 
discharge pressure. 

1) Wear and fatigue on 
seals 

2) Wear on sensing 
element . 

3) Wear and yield on 
closure mechanism 

4) Leakage, 

Hone 

Low 

6. 1,3. 7 Zero-G Pressure Supply 
System 

*Critlcal components. 

Not available 

Prevents oil evaporation during 
zero-G environment. 

1) Wear and fatigue on 
seals , 

2) Wear on sensing 
element , 

3) Leakage . 

Hone 

Low 
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FAILURE EFFECT ON 

SUBSYSTEM 

SYSTEH 

MISSION 

'Oil hiding'* with prolonged 
engine use would cause bearing 
heating and eventual loss of 
engine power assembly efficiency 

Loss of thrust from one engine 
requires additional thrust output 
£eam the remsinlog operating 
engines 

Booster vehicle loss with more 
chan two engines out. 

Orbitcr vehicle loss with more 
than one engine out except where 
unpouered landing Is possible. 

1 

low oil pressure results in 
ioprepec bearing lubrication, 
bearing heating end eventual lore 
of engine power asseably 
efficiency 

See above 

See above. | 

See above 

See above 

Sec above 

See above 

See above 

See above 

See above 

See above 

See above 

Sec above 

See above 

Sen above. 

See above. 

See above 

See above 


FAILURE KODE AND EFFECTS ANALYSIS 


R£COKKELDAT10»S FOR 
DETECTION HEmOD 


SYSTE«:3.0 aod 6.0 

SUBSySTEH.3.1 and 6.1 


OTHER RECD^IENDATIONS 



SHEET 1 of 1 

HlSSIOi 


OPERATIO’iS 

— " CTITICALITY 
CATEGORY 


Monitor oil level In storago tank 
Monitor oil cespcracure at storage tank 
inlet aonltor oil ptesaure 


Monitor oil pressure punp discharge 
flowrate and pressure 
Mooltor oil boost punsp discharge 
novratc and pressure 


Monitor oil pressure puaip discharge 
pressure 

Monitor oil level in storage tank 


Monitor oil level In storage took 
tiniii-Coc oil boost puffip Jiachorge 

flowrate and pressure. 


Monitor ozl level in storage tank. 
Monitor oil boost pump discharge 
flovteca aad proseitrc 


Monitor oil level In scorage conk. 
Monitor oil pressure pusp discharge 
pressure. 


Monitor oil level in storage tank. None 

Monitor syctea tcoperaturo nnd pressure. 














































NAME 

DRAWING 

NUMBER 

3. 1.4.1 and 6 1.4.1 Solid-Start 
Cartridge 

Not available 


Provide engine start in event 
of failure of primary start 
technique. 

Supply energy for rotating 
high pressure turbine until 
engine start is attained. 


FAILURE MODE 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

PRIMARY 

REDUNDANT 

1) Electrical signal 
failure . 

2) Squib failure due to 
seal loss or shorted 
bridgewire. 

None 

Low 
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FAILURE MODE AND EFFECTS ANALYSIS 


SYSTEM 3 0 4ind 6 0 
Si;6SYST£H y 1 and $ I 


FAILURE EFFECT OH 


Failure CO attain engine start Engine would not function 


RECOH'IEIJOATIONS FOR 
DETECTION METHOD 


Booster vehicle loss with caocc Chan Failure to start engine as evaluated by 

two engines out high pressure turbine speed 

Orblter vehicle loss with oicre 

then one engine out except when 

nonpowered landing io possible 


OTHER RECOKMEKOATIONS 














COMPONENT IDENTIFICATION 

NAME 

DRAWING 

NUMBER 

3.1 5 1 and 6 1.5 1 
Igniter Plug 

Not available 

3 1.5.2 and 6.1.5 2 
Ignition Compositor 

Not available 


FUNCTION OF 
COMPONENT 


Provide fuel ignition. 


Provide high voltage for 
Igniter plug 


3.1 5 3 and 6 1,5.3 
Ignition E:cciter 


Not available 


Converts input voltage to 
ignition pulses. 


CO 


•pk 


FAILURE MODE 

PROBABILITY OF 

PRIMARY 

REDUNDANT 

MALFUNCTION OCCURRENCE 

Electrical short circuit 

None 

Low 

Electrical short-open 
circuit . 

None 

Low 

1) Input filter short- 
open 

2) Motor brushes 

3) Transformer short- 
open, 

4) Selenium rectifier 
short, 

5) VJear and fatigue on 
cams 

6) Wear and fatigue on 
switches . 

7) Wear and fatigue on 
drive mechanism 

None 

Low 


























FAILURE MODE AND EFFECTS ANALYSIS 


SYSTEM 3 0 and 6 0 
SUBSYSTEM 3 1 and 6 1 


FAILURE EFFECT ON 


SUBSYSTEM 


SYSTEM 


MISSION 


RECOMMEIIOATIONS FOR 
DETECTION METHOD 


OTHER RECOIIMENDATICNS 


Failure co achieve fuel ignition 


Engine would not function 


Eooetcr vehicle loss with more 
then two engines out 
Orbicer vehicle loss with more 
than one engine out except when 
nonpoweccd landing Is possible 


Honleor voltage output of ignition 
exciter 


Failure to achieve fuel ignition 


Engine would not function 


Sec Above 


Monitor voltage output of Ignition 
exciter 


Failure to ochieve fuel ignition 


Engine would not function 


Monitor voltage output of Ignition 
exciter 

Monitor input voltage and current of 
ignition exciter 


ASSETOLV: J 3 



























COMPONENT IDENTIFICATION 


FAILURE 

10DE 

PROBABILITY OF 

NAME 

DRAWING 

NUMBER 

COMPONENT 

PRIMARY 

REDUNDANT 

MALFUNCTION OCCURRENCE 

3 2.1 1 Inlet Pressurization 
Diffuser 

Not available 

Provide uniform distribution of 
gas into ullage area 

Structural (fatigue 
failure) . 

Hone 

Low 

3.2 .1.2 Hemisphere Segments 

Not available 

Welded segments provide storage 
vessel for LHg. 

Structural (leakage due to 
fatigue failure) . 

Hone 

Low 

3,2,1 3 Outlet Lxue 

Not available 

Provides LHg transfer to turbofan 
engines 

Structural (leakage due to 
fatigue failure) . 

Hone 

Low 

3 2,1.4 Vent Line 

Not available 

Provides gas transfer for 
relieving tank gas pressure 

Structural (leakage due to 
fatigue failure) 

None 

Low 

3.2 1 5 Mounting Brackets 

Not available 

Maintain position of tank assembly 
inside the roam LHg propulsion 
system storage vessel. 

Structural (fatigue 
failure) , 

None 

Low 
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failure effect on 



FAILURE MODE AND EFFECTS ANALYSIS 


RECOKMEr.DATIONS FOR 
DETECTION METHOD 


SYSTEM 3 0 
SUBSYSTEM 3 Z 


OTHER RECOMMENDATIONS 


Iropvap«r tank prcsfiuirc and losa 
of adequate conk oueflow 
characteristics 


Hydrogen conditioning systora pucop 1 1 Vehicle loss with an equivalent I Failure would be detected by subsystem None 


damage due to particle injection { of two engines out 
loss of engine thrust 


Zaproper tank pressure end loss Loss of engine thrust 

of adequate tank outflow 

characteristics 


Loss of edequeco Llig tank outflow Losa of engine chrusc 
rate 


Vehicle loss with an equivalent 
of two engines out 


Vehicle loss with an equivalent 
of two engines out 


1) Vlsuol periodic inspection 

2) Periodic tank pressure decay check 


Visual peeiedle Inapccclen 


Loss of tank pressure and 
odequatc tank outflow 
characteristics 


Loss Of LH2 supply 


Loss of engine thrust 


U Loss of engine thrust and damage 
to main propulsion system tankage 


Vehicle loss wltii an oqulvalcnt Visual periodic Inspection 
of two engines out 


Visual periodic inspocCion 



MISSION 

OPERATIONS 


SHEET of _!_ 


CRITIMLITV 

CATEGORr 



iH-a 
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COMPONENT IDENTIFICATION 

FUNCTION OF 
COMPONENT 

FAILURE MODE 

PROBABILITY OF 

1 

' NAME 

DRAUING 

NUMBER 

PRIMARY 

REDUNDANT 

MALFUNCTION OCCURRENCE 

3 2 2.1 Storage Vessel Transfer 

None 

Transfers LH 2 from cruise tanks to 

Structural (fatigue 

Hone 

Low 

Line (4-in -dia Line) 


hydrogen conditioning system 

failure) 



3. 2. 2. 2 Solenoid Valve Package 

V-54 

Controls LHg outflow from cruise 

1) Fail to open 

One valve In each 

1) Low 

(4-in valve) 

V-55 

tank to hydrogen conditioning 

2 ) Fall to close 

parallel leg fails to 

2) Low 


V-56 

system. 

3) Major leakage. 

open. 

3) Low 

1 

V-84 



























FAILURE MODE AND EFFECTS ANALYSIS 


FAILURE EFFECT OH | 

RECOMHEilDATIONS FOR 
DETECnOH METHOD 

SUBSYSTEM 

SYSTEM 

MISSION 

Lotfs o£ cculse tank prcsduce end 
adequate tank outflow 
characteristics 

Leas of engine theuat 

'/ebtclo loss with an equivalent 
of tViO engines out 

Ground Visual Inspection 

1) One valve failure In each 
parallel teg would atop Ltt^ 
flow to Hydrogen Conditioning ' 
sysecD 

2) Konv 

3) loss of systen presauee 

1) Turbofan engines would lose 
thrust 

2) Hone 

3) Turbofan engines would lose 
thrust 

1) Vehicle Loss with an 
equivalent of two engines out 

2) None I 

3) Vehicle loss with an 
equivalent of two engines out 

1 

1) Monitor position of each valve 

2) Monitor position of each valve 

3) Monitor systcfn pressure 


SYSTEM 3 0 


ASSEMBLY 3 Za 




















COMPONENT IDENTIFICATION 

FUNCTION OF 
COMPONENT 

NAME 

DRAWING 

NUMBER 

j i 1 and 6 0 12 
Transfer Line 
B - 4-in -dia Line 
0-0 5-in -dia Line 

L-32 booster none 
orbxcer 

Ducting for Transfer of T/F fuel 
(LH«) from APS Hydrogen Condition- 
ing Subsystem (Booster) and 
Turbopurap Assembly (Orbiter) to 
the Turbofan Engine Valve Package 

3 'o 3 2 and 6 2 1 1 
Solenoid-Valve Package 
(.3 Packages on the Orbiter) . 
1,7 Packages on the Booster) . 
(,1'0-in Valves) 

EFV-l thru EFV-28 
(Booster) 

EFV-l thru EFV-12 
(Orbiter) 

To supply LHo from the Propellant 
Management Subsystem to the T/F 
engines , 


FAILURE MODE 

PROBABILITY OF 

PRIMARY 

REDUNDANT 

MALFUNCTION OCCURRENCE 

Structural (fatigue 
failure) , 

None 

Lou 

1) Failure to open 

2) Failure to close 

3) Major leakage 

One valve fails to open 
In each parallel leg 

1) Low 

2) None 

3) Low 
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FAILURE MODE AND EFFECTS ANALYSIS 


SYSTEH 3 0 ond S 0 
SUBSYSTEM 3 Z and 6 2 


3.2 3 

ASSEMBLY 621 




















COMPONENT IDENTIFICATION 

FUNCTION OF 
COMPONENT 

NAME 

DRAWING 

NUMBER 

3. 2. A 1 Transfer Line 
(6-in. line) 

L-31 

Ducting for rapid transfer of 
fuel tank gas to atmosphere 

3,2 4.2 Valve Package 
(6-in valves) 

V-70 

V-71 

V-72 

V-73 

Controls rapid overboard dumping 
of fuel tank gas. 

3, 2. 4. 3 Quick Disconnect 
Coupling (6-in. 

C-10 

Allows ground control fox 
venting of fuel tank gas. 


couplxng) 


FAILURE MODE 

PROBABILITY OF 

PRIMARY 

REDUNDANT 

MALFUNCTION OCCURRENCE 

Structural (fatigue 
failure causing leakage) , 

None 

Low 

1) Failure to open. 

2) Failure to close 

3) Major leakage 

One valve in each 
parallel leg fails to 
open 

Low 

Low 

Low 

Structural (fatigue 
failure) . 

Mone 

Low 
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FAILURE MODE AND EFFECTS ANALYSIS 


FAILURE EFFECT ON 

RECOtV^EIiDATlONS FOR 
DETECTION METHOD 

SUBSYSTEM 

SYSTEM 

{MISSION 

Fuel Sank gas would bo vented to 

vehicle internal compartoscncs 

Thecoodynamlc conditions external 
CO components would change 

Hone - line is isolated by vent 

valves 

Ccound vieiml Inspection 

1) One valve failure in cech 
parallel leg hould prevent 
tank venting 

2) Fuel tank pressure could not 
be malnceinod 

3) Fuel tank pressure could not 
be maintained 

1) None • sysccfli could bo vented 
through the functioning system 
in Che ocher body of the body 
vehicle 

2) Loss of engine thrust 

3) Loss of engine thrust 

1) ^one 

Z) Vehicle loss with an equivalent 
of two engines out» 

3) Vehicle loss with an equivalent 
of two engines out 

1) Monitor fuel tank pressure 

2) Monitor valve position 

3) Monitor fuel tank prcBsurc 


Fuel cenk ges vould be vented 
In vehicle mein engine coDpert- 
menc 


Hone 


Hone “ coupling Ifiolated by venfc 
valves 


Ground vinunl InepRctlOn 




























3 2 5 1 

3 2 5 2 
3,2. 5.3 


COMPONENT IDENTIFICATION 


FUNCTION OF 
COMPONENT 

NAME 


DRAWING 

NUMBER 

Quick Disconnect 
Coupling 

C-5 


Provides coupling for GSE fill 
line Provides low level 
propellant loss capability during 
connection 

Transfer Line 

L-21 


Ducting for transfer of 
propellant from quick disconnect 
coupling to fill valve. 

Fill Valve (Solenoid 
Operated with Integral 
Relief Provisions) 

V-74 


Provides positive shutoff for 
propellant fill and drain 


03 




FAILURE MODE 

PROBABILITY OF 

PRIMARY 

REDUNDANT 

MALFUNCTION OCCURRENCE 

1) Fails closed or 
minor Internal leakage 

2) Major leakage Internal 
or external * 

None 

Low 

Structural (fatigue 
failure causing leakage) , 

None 

Low 

1) Fails open» nunor 

Mone 

1) Low 

internal leakage. 


2) Low 

major internal 


3) Medium 

leakage. 


4) Low 

2) Fails closed. 


5) Low 

3) Major eKternal leakage 
(upstream flange) . 

4) Major CKternal leakage 
(downstream flange) . 

5) Fails to relieve at 
designed back pressure 
























FAILURE EFFECT ON 


SUBSYSTEM 

SYSTEM 

MISSION 

No effect - fill valve pcovldos 
position propellant isolation 

None 

None 

Fuel leakage Into vehicle 
eoopartfnoncs during loading 

None 

None 

1) No effect'checking Dcchonltm 

1) No effect duo to shutoff 

1) Horns 

at fill coupling tnaintaln 

cedundoncy of coupling oheck/ 

2) Nono 

leak Integrity 

shutoff acchenlsm 

3) Nona 

2) Mo QffccC~valvQ Ls normally 

2) None 

4) Vehicle loss with on 

closed during flight 

3) None 

equivalent of two engines out 

3) No cffect~upBtrcQtn line in~ 

4) Loss of curbofan engine thrust 

except where unpowered landing 

‘ active during flight 

5) Nono 

Is possible 

4) Loss of fuel tank pressure 

5) Mo offcct'*coupllng relief 
mochanlsta opens under 
overpressure 


5) None 


RECOlWECDATEONS FOR 
DETECTION METHOD 


Ground visual inspoctlon 


1) Monitor valve position, 

2) Monitor valve position, 

3) Monitor tank prcseurc 

4) Monitor tank proeauro 

5) Monitor tank prcssuro 


SYSTEM 3 0 
SUBSYSTEM 3 2 


ASSE^LY 3.2 5 


SHEET 1 of 1 



s w» 




























COMPONENT IDENTIFICATION 
NAME 


3,3, 1.1 


3 3,1,2 


3 3 1.3 


Transfer Line from 


L-33A 


negulator Package Co 
IHg Cank (2-in line) 


Secies - Parallel 
Regulator Package 
(2-in, regulator) 


R-37A 

R-38A 

R-39A 

R-40A 


Parallel Solenoid V-75A 
Valve Package V-76A 
(2-in. valve) 


3.3 1 4 


Filter 

(2-in. 


filter) 


DRAWING 

NUMBER 


FUNCTION OF 
COMPONENT 


Ducts GH^ to pressurize the LH^ 
A/B propellant supply tank for 
T/F engines. 


Controls the pressure level and 
reduces the accumulator pressure 
from 1500 psia to LH^ Cank 
pressure of 20 psla. 


Allovs release of GH^ from the 
accumulators to pressurize the 
LHs T/F supply tanks 


Removes particles or 
contaminants from GH 2 before 
gas reaches the pressure 
regulators 


F-12 


07 


oi 

cn 


FAILURE 

^ODE 

PROBABILITY OF 

PRIMARY 

REDUNDANT 

MALFUNCTION OCCURRENCE 

^Structural (fatigue 
failure causing leakage) 

None 

Low 

1) Internal leakage « 

2) CKternal leakage 
(upstream side) « 

3) Wear, failed closed 

None 

1) Low 

2) Low 

3) Medium 

1) Failure to open. 

2) Failure to close, 

3) Major leakage (extend). 

1) Both valves fail 
to open. 

2) Both valves fail 
to close , 

1) Low 

2) Low 

3) to\7 

1) Clogging . 

2) Leakage. 

3) Rupture. 

None 

1 ) Low 

2) Low 

3) Low 




















FAILURE EFFECT ON 


SYSTEM 


FAILURE MODE ANO EFFECTS ANALYSIS 


RECOKMEI.DATIONS FOR 
DETECTION hETHOD 


SYSTEM 3 0 
SUBSYSTEM 3 3 


OTHER RECOWENDATIONS 


ASSEMBLY- 3.3.1 

SHEET 1 of _l 


MISSION 

OPERATIONS 


Fu«l SOB lookogc in vohlele 
eoapartcDeDt 


1) Ho effect due to relief valve 
built Into regulator. 

2) Hone 

3) Loos of conk pressure 


1) loss of tank pressure If 
both valves fall 

2) Ho effect 
3> None 


1) Decrease in tank pressure 

2) Hone 

3) ConcatDination 


Kajor teakogc would cause loos Vehicle lees with an equivalent 

Is tank gas pressure and dcetease of two engines out 
in turbofan engine thrust. 


2) Increased requirements for 
H;? gas supply 


3) Decrease In turbofan engine 
thrust. 


1) Decrease In turbofan engine 
thrust 

2) . No effect 


3J Increased requirements for 
H£ gas supply. 


1> Decrease In turbofan thrust 


) Increased requirements for 
Mg gas supply 


3) Eventual dantagc of regulators 


1) None 

2) Decrease in mission 

capability | 

3) Vehicle loss with on | 
equivalent of two engines out 


Monitor cank gas preseuro 


1) Ground test 


2) Monitor Ha supply tank gos volume 


3) Monitor regulator position 


1) Vehicle loss with an 1) Monitor valve position 

equivalent of two engines out 2) Hone because failure has no effect 

2) Ho effect on system, subsystem or mission 

3) Decrease in mission 
capability 


3) Monitor supplj tonk gas volume 


1) Vehicle loss with an 

equivalent of two cnglnci out 
2} DecicaSO in mission 
capability 

3) Loss of regulotors 


1) Monitor tank gas pressure and 
periodic replacci&ent 


2) Monitor nupply tank pressuca 
and ground leak tests 


3) Measure AF across filter 



CRITICALITY 

CATEGORY 



1) Hone 

2) Hone 

3) Hone 

1) A(4) 
B(3) 
C(4) 

2) M3) 
B(3) 
C(3) 

3> Ml ) 
B(3) 
C(1 ) 

1) Valve sliould be made Co fall 

1) Ml ) 

normally open 

B(3) 

2) Hone 

ca 1 

3) Hone 

25 A<4) 


B(3) 


C(4) 


3) AO) 


B(3) 


C<3) 

1) Fcovido series'-parallol filters 

1) A<1 ) 

2) Hone 

BO) 

3) Provide series-parallel filters 

C(I ) 


2) AO) 


BO) 


CO) 


3) A<3) 


BO) 


CO) 

j 1 Effects on external aubaystems 


/ 

03 

1 


V) 
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COMPONENT IDENTIFICATION 


DRAWING 

NAME 

NUMBER 

6 2 ,2 L Pump* 

P-7 


P-8 


P-9 

6 2 2.2 Solenoid-Operated 

V-58 

Valve Package 

V-59 


V-60 


V-61 

, 

V-62 


V-63 


6.2 2 3 Turbine* 


6,2 2.4 Check Valve 



FAILURE MODE 

PROBABILITY OF 

COMPONENT 

PRIMARY 

REDUNDANT 

MALFUNCTION OCCURRENCE 

Transmits LHg from storage vessel 
to turbofan subsystem. 

1) Major external leakage, 

2) Impeller fails to 
rotate at required RFM. 

3) Impeller fails Co ro- 
tate 

1 

1 None 

1 

Low 

Admits liquid into suction side 

of pump. 

1) Fails to open 

2) Fails to close 

3) Major external leakage. 

None 

Low 

Converts gas generator thrust to 
rotating power and transmits power 
to pump. 

1) Turbine fails to rotate 
at required RPM, 

2) Turbine fails to rotate, 

3) Power leakage fails. 

None 

Low 

Insure one directional flow from 
discharge side of pump. 

1) Fails to open 

2) Fails to close 

3) Internal leakage. 

4) External leakage. 

None 

Medium 


^Critical component 

































Lo6d In upsceean £lotn;aco 


Dceteaee In turbofan engine 
tbrv&t 


1) Turbopunp will fall to supply 
LH^ 

2) Xucbopuop connot bo isolated 

3) Dccccaso In puc^ auction 

ptosduro 


08 S In upstream flowrate 


1) Loss in upsttcdm flowrotc 

2) Causes possible back flow to 
turbo pump 

3) Allows pressurization of 
upstream liner 

4) Loss In upstream pressure 


Decrease in LH^ flowrate to 
turbofan engines 
No effect 

DecEuusu in LU2 flowinCe Co 
turbofan engines 


Decrease in Lli^ flowrate to turbo 
fan engines 


1) Decrease in LHs flowrate to 
ttirbofan engines 

2) Docroaso In LH^ flowraeo to 
tvebofan engines 

3) No effect 

4} Decrease in LU 2 flowrate to 
tutbof<in engines 


Vehicle loss with the equivalent 
of one engine out except when 
nonpowered landing is possible 


Vehicle loss with tho equivalent 
of one engine out except when 
nonpowered landing is possible 
Mo effect I 

Vehicle loss with the oquivalonc 
of one engine our except when 
nonpowered landing Is possible 


Vehicle loss with the equivalent 
of one engine out except when 
nonpowered loading is possible. 


Vehicle loss with the equivalent 
of one engine out except when 

nonpowered landing is possible 


Kcasure pump discharge prcseute» 
suction prcsaucc and vibration level 


Ncasure valve position and pump sucClon None 
pressure 

NcasuTO valve position 

Kcaaucc vulvo pooltiou and pump sucCioa 

prcsBvrc 


Hcasure turbine speed and vibration 
level. 


Ncasure pump discharge pressure and 
provide pressure top between scries 
redundant valvoB for single point 
detection. 

None 



1) A(1 ) 
B(2») 
C{1 ) 

i) A(IS> 
B(2B> 
C(X ) 
3) Ad") 
B<2B> 
C(13 


1) A(I) 
B(2B) 
C(l) 

2) *(4> 
B(3) 
C(4) 

3) A<1) 





1). 2). & «> 

A(1 ) 


BC2B) 


ca> 

3) A(4) 


B{4) 


C(4) 



G-1B9 























COMPONENT IDENTIFICATION 


NAME 

DRAWING 

NUMBER 

FUNCTION OF 
COMPONENT 

6*2*3 1 Gas Generator 

G-4 

Provide turbine drive for the 


G-5 

turbopuRip assembly. 


G-6 


6. 2. 3. 2 Hs Series Solenoid- 

GFV-4 

Admit GHg to the gas generator 

Operated Valve Package 

GFV-5 



GFV-6 


6 2.3.3 Os Series Solenoxd- 

GOV-4 

Admit GO 2 to the gas generator 

Operated Valve Package 

GOV-5 



GOV-6 




FAILURE MODE 

PROBABILITY OF 
MALFUNCTION OCCURRENCE 

PRIMARY 

REDUNDANT 


1) Major hot gas external 
leakage 

2) Blockage of propellant 
injectors 

Hone 

low 


1) Falls to open. 

2) Fails to close, 

3) Major external leakage 

1 ) Both fall to open 

2) Both fail to close 

low 


1) Fails Co open 

2) Fails to close, 

3) Major external leakage 

1) Both fall to open 

2) Both fail to close 

Low 


B-160 



























1) Loss of sub&ystGO 

2) Decrease In combuselon 
efficiency «nd hence decrease 
in turbine RPM 


t) Coisbustlon process will be 
Incoiapletc 

2) ges floods oocsbuetlon 
chamber 

3) Dccccesc in cotrbuscion 
efficiency 


1) Combustion process will be 
incoirpletc 

2) O 2 ges floods combustion 
chociber 

3) Decrease in combustion 
efficiency 


FAIURE EFFECT ON 


FAILURE MODE AND EFFECTS ANALYSIS 


RECOlWEI-DATIONS FOR 
DETECTION METHOD 


SYSTEM 6 0 
SUBSYSTEM 6 2 


OTHER RECOMMENDATIONS 


1) Compartment fire could result 1) Cataactophlc loss of stage 

2) Decrease In curbofon engine 2) Vehicle loss with an 

thrust equivalent of one engine out 

except uhcrc unpowered landing 
Is possible 


Hoasurc chamber pressure 


should have flame detectors 


MISSION 

^OPERA^^^ 

CATEGORY 

1) A(1 > 


B(2B) 


C(l ) 


2) ACl) 


B<2B) 


CU) 



1) Decrease in turbofan engine 
thrust 

2) Fuel eaturated combustion 
causing decrease in turbopump 
efficiency and turbofan engine 
thrust 

3) Occrcoao In turbofan engina 
thrust 


1) Decrease in turbofan engina 
thrust 

2) O 2 saturated combustion 
causing decrease in turbopump 
efficiency and turbofan engine 
thrust 

3) Decrease in turbofan engine 
thrust 


Vehicle loss with on equivalent of Monitor valve position 

one engine out c\cept where Monitor gas generator chamber pressure 

unpowered landing is possible 


Vehicle loss with an equivalent of Monitor valve position 

one engine out except where Monitor gas gonerator chamber pressure 

unpowered landing is possible 






















FMEA OH 


PART NAtlE 

FUNCTION 

FAILURE 

NECHARISM 

Ball Bearings 

Take out shaft axlal/radlal 
loads, transmit to housing, pro- 
vide sbaft/lmpeller/turblnc 
position control within housing 
to prevent rub, and clearance 
vorlatlons. 

Ball and race wear, spalling, 
brlnnelllng 



Cracked ball ** disintegrating. 



Cracked race. 



Cracked retainer, 



Worn retainer 

Impeller 

Provide pressure rise. 

Vane breakage structural 
fatigue 

Shaft 

Support turbine and Speller, 
tranamlC loads to bearings. 

Breakage. Structural fatigue. 

lurblnc Hoztles 

Control flow of drive fluid Co 
turbine blades (passive) *» 

Spalling, cracking, pitting. 

Turbine Blades 

Convert drive fluid energy to 
shaft rotational energy. 

Distortion 



Loss of bladc(s) structural 
fatigue. 

Labyrinth Seals 

Provide controlled leak seals at 
Impeller inlet and outlet, and 
bearing coolant inlet passage 

Secondary wear as a result of 
excessive shaft radial dis- 
placemcnt (This Is a function 
of design point clearances) . 


CAL COMPOKEHTS 


SYSTEM 1.0 & 4.0 ASSEMBLY: 

SUBSYSTEM i.x & 4.4 CCKPtKiEIlT: i.i.i.i & 4 .I.I.I 

SHEET 1 of 1 


FAILURE EFFECT ON 
COMPONENT 


RECOHKENOATIOHS FOR 
DETECTION HETHOO 


OTHER 

R£CO(3{Ba)ATIO» 


Increased torque rcqulrcmeaCa, 
increased siiait vibration^ die** 
placement, labyrinth seal and 
impeller, turbine rub; leading 
to erratic stare characteris- 
tics, lev output. 


Vibration, inlet prcssvro; 
discharge pressure, ptxsp xpa; 
torque chccl. at malnt. cycle. 


^rupt reduction In flow/ 
pressure output. 


Pump rpm; discharge pressure 
vibrat lon/d is placement; 
torque check. 


Accelerated wear of balls. 
Same as first line entry. 


Some as above. 


Same as above. 


Same as above 


Some as above. 


Same as above 


Reduced prcssurc/flov output 

Increased vibration, Posat— 

bility of jamning, with complete 
loss of output 


Pump rpm. vibration, discharge 
pressure 


Abrupt loss of output. tCurbinc 
overspeed and severe daioage to 
Internal components 


Pump discharge pressure; punp 
rpm. (Extrisnely rapid sequence 
of events - detection and re- 
action time us\ially insofficlcnC 
to avoid damage.) 


Reduction in turbine efficiency 
reduced output. 


Pump rpm; discharge presetxre; 
Inlet pressure. 


Reduction In turbine efficiency 


Pump rpm; discharge pressure; 
Inlet presaurc. 


Reduced turbine efficiency. 
Progressive damage to turbine 
with very low output. Increased 
vibration. 


Vibration; pump rpia; dlscborgc 
Sc Inlet pressure. 


Reduced output. 


Scaring dotcctlon astern should 
provide primary data. 
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SYSTEM 1.0 & 4.0 ASSEMBLY 

FHEA ON CRITICAL COMPONENTS SUBSYSTEM l.l & 4,1 COMPONENT 


PART NAME 

FUNCTION 

FAILURE 

HECKANISlt 

FAILURE EFFECT ON 
COMPONENT 

RECOMMENDATIONS FOR 
DETECTION METHOD 

Ball Bearings (2 rows in pumping 
area, 2 rows In turbine). 

lUiititaln Impeller/curblne to 
housing clearances, take out 
axial and radial loads. 

1 

Ball and race wear, spalling, 
brlnnelllng 

Increased torque required, in- 
creased shaft vibrations, dis- 
placements, reduced efficiency, 
possible impeller/ turbine rub/ 
shaft rub, low output. 

Vibration, inlet pressure, pump 
rpm, discharge pressure. 

Cracked ball disintegrating. 

Abrupt reduction in flow/prcssurc 
output 

Same as above 

Cracked race. 

Accelerated wear of balls, same 
as first line entry. 

Same as above. 

Cracked/worn retainer 

Same as above. 

Same as above. 

Drive Shaft 

Transmit turbine drive energy 
to impellers, distribute loads 
to bearings, thrust balancer. 

Breakage 

Abrupt lose o£ pump output 
BrobabXe turbine averspeed with 
severe Internal damage. 

Pump speed Co provide as rapid 
a shutdown as possible 

Inducer/Xmpellcr Blades 

Provide pump pressure rise. 

Crack with loss of blade piece. 

Reduced output, increased vibra- 
tion, possible jamming of piece 
with progressive damage Co TFA. 
Hay pass through Co prebumers, 
nozzle, with subsequent damage. 

Vibration, inlet pressure, 
outlet pressure, ptimp speed 


1.1 I G< 4 1 1 
1 1 1 2 & 4 1.1.2 
SHEET 1_ of 2 


He ton Ring Seals 


Provide interstage assembly 
pressure seals 


Loss o£ spring tension^ crack. 


Reduced pumping efficiency 


Inlet pressure, discharge pres- 
sure, p\imp speed, preburner 
power valve position 


B-164 




































Thrust Balancer 


Hot Gas Turbine 


Turbine Kozsles 


Check V&lvC] Outlet of 3rd 
Stage, Inlet to First Stage. 


Provide static seal between 3rd 
stage and turbine prior to 
operation, provide controlled 
flow a cal dynamically. 


Convert hot gaa stream energy 
to rotational energy. 


Face wear, loss of retaining 
force 


Face wear (bearing or other 
abnormal displacement is cause) 


Distortion of blade. 



Control flow of hot gas to 
turbine blades 


Prevent excessive fuel Leakage 
to chamber/ outside of engine 
prior to start. Spring tension 
set to relieve somewhat above 
head/prepressure settings. 


Lobs of blades ( b). 


Disc distortion 


Fitting, distortion 


Falls to open at set pressure* 

Falls to close at shutdown, 
fails to scat adequately at 
shutdown 


FAILURE EFFECT ON 
COMPONENT 


Increased static leakage to 
turbine and engine. 


Reduced output, increased 
vibration. 


Reduced cffccleney tip cub low 
output . 


Increased vibration, reduced 
efficiency, possible progressive 
damage with loss of output. 


Rub, with roducQd officleneyj 
vibration increase. 


Loss of efficiency, low output. 


No effect on fuel TPA. Loss of 
coolant to OIPA turbine bearings 

No effect on fuel TPA Small 
fuel leak through engine after 
shutdown, until prevalvc Is 
closed 


RECOMMENDATIONS FOR 
DETECTION METHOD 


Leak check at malnt. cycle* 


Pump speed, vibration, inlet 
pressure, outlet pressure; 
preburner prcssurc/taop. 


Pump speed, vibration probumor 
chamber pressure, temperature 
Inlet pressure; disctuirgc 
pressure 


Vibration, pump speed. 


Vlbcatlonj prcbumtcv chamber 
press. /temp*, pump spaed, 
inlet pressure, outlet pressure. 


Same as above. 


Valve position discrete; 
coolant outlet temperature. 

Leak checks at malnt. cycle 
valve position discrete. 


OTHER 

R£COF»ENDATION 
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ASSEtlBLV 1 1 1 & 4 1 1 

COMPONENT 1113&41.13 
SHEET 2 of 1 


PART NAHE 

FUNCTION 

FAILURE 

MECHANISM 

FAILURE EFFECT ON 
COMPONENT 

RECOWIENDATIONS FOR 
DETECTION METHOD 

Ball Bearings 

Take out shaft axial/radial 
loads ) transmit to housing, 
provide shaft/lmpeller/tutbine 
position control within housing 
to prevent rub and clearance 
variations* 

Ball and race wear, spall Ing^ 
brlnnclllng 

Increased torque requircinents, 
increased shaft vibration, dls~ 
placement, reduced efficiency* 

Vibration, inlet pressure, 
discharge pressure, pump rpm, 

torque check at malnt. cycle. 

• 


Labyrinth seal, impeller turbine 
rub due to excessive wear 
Possible detonation with pump 
rupture, fire* 

Same as above. 



Cracked ball> disintegrating ■ 

Abrupt reduction in flow/ pressure 
output. 

Same as above. 



Cracked race. 

Accelerated wear of balls* Some 
as first line entry above 

Same as above 



Wotn/cracked retainer 

Seme as above. 

Same as above 

Impeller 

Provide pressure rise 

Vane breakage Structural 
fatigue* 

Reduced pressure/flow output, 
increased vibration. Possibility 
of Jamming, with complete loss 
of output Possibility of 
detonation with pump rupture, 
fire 

Pump rpm vibration discharge 
pressure 

Shaft 

Support turbine and Impeller, 
transmit loads to bearings. 

Breakage (structural fatigue) 

Abrupt loss of output Rub, 
possible detonations with 
pump rupture, fire. 

Pump discharge pressure, pump 
rpm (extremely rapid sequence 
of events). 

Turbine Nezsles 

Control flow of drive fluid to 
turbine blades (passive) 

Spalling^ cracking, pitting. 

Reduction In turbine efficiency, 
reduced output. 

Pump rpm, inlet pressure, dis- 
charge pressure 

Turbine Blades 

Convert drive fluid energy 
to shaft rotational energy. 

Distortion. 

Reduction in turbine efficiency. 

Same as above. 


Loss of blade(s), structural 
fatigue. 

Reduced efficiency, progressive 
damage to turbine is probable, 
increased vibration; possible 
detonation with pump rupture, 
fire. 

Vibration, pump rpm, inlet 
pressure, discharge pressure. 

Labyrinth Seals 

Provide controlled leak seals at 
Impeller inlet and outlet, and 
beating coolant passage. 

Secondary wear as a result of 
oscoesive sliaft radial dl9plaeo'< 
meat (this is a function of 
design point clearances). 

Reduced output. 

Bearing detection aystem should 
provide primary data. 
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SYSTEM 

1.0 & 4.0 

ASSEffiLY: 

1.1.1 & 4.1.1 

FIIEA ON CRITICAL COHPONENTS 

SUBSYSTEM 

1.1 & 4,1 

COKPONEHT 

1.1.1.4 & 4.1.1.4 
SHEET of 


PART NAME 

FIINCTIOH 

FAILURE 

MECHANISM 

FAILURE EFFECT ON 
COMPONENT 

RECOMMENDATIONS FOR 
DETECTION METHOD 

Labyrinth Seal» at Turbine 
Hydrostatic Seal 

Provide gross back-flow protec** 
cion for hydrostatic seal and 
running ring from turbine gafte«. 

Secondary wear as a result of 
bearing wear. 

No effect ** bearing failure would 
precede any major effect. 

- 


Structural failure* 

Distortion of hydrostatic and 
lift-off running ring Excessive 
fuel bypass from preburners - 
minor reduction in engine per- 
formance. 

Leak checks at maint. cycle 
Engine performance parameters. 

Thrust balancer 

Provide major portion of axial 
thrust takeout, to limit bearing 
loada 

No primary mode of failure, 
E-^ccss axial shaft motion due to 
worn hearings could cause face 
wear, end accelerate the bearing 
wear. (See bearings) 

Reduced flow/prcasure output. 

Vibration, displacement; thrust 
balance cavity pressure. 

A 

Lift-off Seal 

Provide static seal between 
turbine roller bearing coolant 
and turbine area. 

Wear, loss of seal tension 
(bellows or spring) cracked 
bellows. 

Excess static overboard leakage 
of fuel (secondary failure) . 
(Requires failure of H.P.F X P A. 
check valves) 

Leak checks at maintenance 
cycle 

Hydrostatic Face and Journal 
Seals 

Provide controlled flow seals 
between 2nd stage output and 
seal cavity, also between turbine 
roller bearing and seal cavity 

! No primary failure mode. Wear 
would result from excessive 
bearing wear (see bearings) 

Reduced pump output 

(Sec bearings) 

1 

Filter 

Provides filtered flow for bear- 
Ingn, hydrostatic seals, 
labyrinth, thrust balancer, 
probumer injectors. Self 
cleaning design. 

Channel to plate separation 
opening the equiv orifice size. 

! 

i 

Possible plugging of passages 
Accelerated bearing wear, 
possible seal wear with loss of 
pump performance. 

(See bearings) 



































FHEA ON CRITICAL CONPONENTS 


SYSTEM 1 0 & A 0 
SUBSYSTEM 


ASSEMBLY 

COMPONENT 


PART NAME 

Roller Bearing (turbine areo) 


Ball Bearings (2 revs) and 
Roller Bearing (between first and 
second stage pump impellers) 


FUNCTION 

Transmit radial shaft loads to 
bousing, maintain clearances* 


Transmit axial and radial shaft 
loads to housing Maintain 
clearances 


FAILURE 

MECHANISM 


Roller/race wear, spalling, 
brlnclllng End and rolling 
surface (minor wear) . 

Same as above, except major vear 


Cracked roller, disintegrating 


Cracked race 

Worn/cracked retainer* 

Ball/race wear, roller/racc 
wear (minor) . 

Same as above except major wear 



FAILURE EFFECT ON 
COMPONENT 

RECOIYIEHDATIONS FOR 
DETECTION METHOD 


Increased vibration, increased 
shaft displacement, slightly 
reduced performance 

Vibration, shaft displacement 


Turbine blade rub, labyrinth seal 
rub, increased vibration 
Reduced performance* 

Vibration, shaft displacement 
pump rpm inlet pressure, dis- 
charge pressure, preburner 
chamber pressure, temp. 


Abrupt reduction in flow/prcssurc 
output, increased vibration, 
severe labyrinth seal rub, 
journal seal rub, possible 
detonation 

Vibration, pump rpm inlet pres- 
sure discharge pressure 


Accelerated wear of balls, 
same as first line entry above. 

Vibration, shaft displacement. 


Samo as above* 

Same as above 


Same as line 1 entry above* 

Same as above 


Increased vibration, displace- 
ment, possible labyrlnth/hydro- 
sfa^ci'c seal rub, possible 
impeller rub, with possible 
detonation, rupture of pump 
and fire 

Pump rpm, vibration, displace- 
ment, inlet pressure discharge 
pressure 


I 1 1 6f 4 1*1 
1*1.1 4 & 4 1 1 4 
SHEET 1 Of 4 
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FI1EA ON CRITICAL COMPONENTS 


SYSTEM 1 0 & 4 0 
SUBSYSTEM 1 1 & 4 1 


ASSEMBLY: l.i i & 4.1.1 
COMPONENT 1 1.1 4 & 4.1.1.4 
SHEET 2 of 4 


PART NAME 


FUNCTION 


FAILURE 

MECHANISM 


FAILURE EFFECT ON 
COMPONENT 


RECOMMENDATIONS FOR 
OETECTION METHOD 


OTHER 

RECOmEHDATION 


Ball/RolloT Bearings (cant) 


CrAckad ball or roller, with 
disintegration 


Abrupt reduction In punp output^ 
increased vibration, iispeller 
rub, sool rub, probable detona- 
tion with rupture of pump» fire 


Vibration, shaft dlaplaceoxint, 
pump speed, discharge pressure 
inlet pressure 


Cracked race 


I 


Accelerated wear of rollers/ 
balls Sane as Lino I entry 


Vibration, pump rpn dlsplaccmcat, 
inlet pressure, outlet pressure. 


Worn/cracked retainer 


Same as above 


Same as above 


Boost inlet pressure for first 
stage 


Loss of vane ox piece 


Increased vibration, reduced 
output, possible Jamming of 
piece in inducer, first stogc 
or second stage, piece may go 
through to main TCA. Possible 
detonation, rupture of pump, fire 


Vibration, pump rpm inlet pres- 
sure, first and second stoge 
outlet pressure 


First/Second Stage Impellers 


Provide required head rise 


Loss of Vane or Piece 


Same as above 


Same as above 


Turbine 


Convert hot gas flow energy to 
rotational energy 


Blade distortion, disc distor- 
tion. 


Turbine rub, reduced output, 
increased vibration 


Vibration, pump rpm, prebumcr 
chamber pressure, temp,. Inlet 
pressure (lox^, discharge 
pressure. 




FilEA ON CRITICAL COMPONERTS 


SYSTEM 

SUBSYSTEM 


L 0 & A 0 
I 1 & 4.1 


PART NAME 


turbine (cone) 


Turbine Nozzlee 


Diameter Seal (upatream) 


Diameter Seals 


Labyrinth Seals > Inducer/ 
Impeller Area 




Control flow of hot gas bo 
turbine (passive). 


Provide an aasembly seal between 
first stage and inducer. 


Provide assembly seals in intcr- 
propcllant seal cavlty> between 
second stage and oxld vent cavity 
also between turbine cavity and 
fuel vent cavity. 


Provides controlled flow seal 
at inducer outlet, first stage 
outlet, flow to bearings, 
second stage Inlet. 


Provides controlled helium purge 
seal flow to oxld. and fuel vent 
cavities. 


' FAILURE 
flECHAIHSM 

FAILURE EFFECT ON 
COfIPONENT 

Loss of blade 

Increased vibration, probable 
progressive turbine damage, 
loss of pump output. 

Distort'ion, spalling, crack. 

Reduced turbine efficiency - 
low pump output 

Loss of spring tcnslon/crackcd 
ring (depends upon design) 

Reduced output (minor) of pump* 

Loss of spring tcnslon/crackcd 
ring (depends upon design) . 

Reduced output (minor) of pump. 

Secondary wear as a result of 
bearing wear* 

(See bearings) Reduced pumping 
efficiency. Possible detonation 
depending upon materials, degree 
of rubbing* 


RECOmiENOATlOHS FOR 
DETECTION METHOD 


Vibration, pump rpm discharge 
pressure Inlet pressure. 


Pump rpm, prebumer chamber pree- 
sure/temp, inlet pressure, 
discharge pressure 


Same as above 


Seal cavity oxld. vent pressure, 
fuel vent pressure, plus param- 
eters directly above. 


ASSEMBLY 1 1.1 & 4 1 i 
COMPONENT 1.1.1 4 & 4 1 1 4 
SHEET 3 of * 


OTHER 

RECOfWEHOATIOK 



(See bearings) Excessive purge 
gas requirement 


(See bearings) 


(See bearings) Seal cavity 
pressure. 
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FHEA ON CRITICAL COMPONENTS 


SYSTEM 1 0 
SUBSYSTEM 1 1 


ASSEMBLY- l.i.l 
COKPOHENT 1 1.1.8 

SHEET 1 of 


PART NAME 

FUNCTION 

FAILURE 

MECHANISM 

FAILURE EFFECT ON 
COMPONENT 

RECOMMENDATIONS FOR 
DETECTION METHOD 

No cor Actuator and Gear Train 

Provide driving force to open/ 
close valve via a gear train 

Open winding, short to ground 

Valve falls to open at start, or 
slow to close at shutdown 

Valve position* 



Shorted turns 

Valve may opan sloviy 

Valve position 



Bearings wear, gall, or Jam« 

Slow opcn/closc, failure tc open, 
failure to close 




Gear breakage (structural fatigue) 
possible Jamming 

Valve may fall to open, or It may 
fall to close 

Valve position 

Linkage 

Tronslatc rotary gear output to 
llncor valvo motion 

Cracked (structural fatigue) 

Valve falls to open or closes 
slowly 

Valve position 

Spring 

Provide added closure force for i 
staling with no head pressure | 

Breakage (structural failure or 
loss of spring tension) 

Fails to seal at blced*-in and 
shutdown* 

Leak check at maint cycle 

Shaft Bearings 

Transmit shaft radial loads to 
valve bousing 

Wear, galling of shafte 

Erratic valve opening/closing 

Valve position trace 

Poppet Seal 

Provide positive shutoff 

Wear, particle in seal (secondary 
failure) 

E'^ccsslvc leak during chill-down, 
postfiring 

Leak checks at maint cycle 

Filters, Flow-Ihrough System 

Prevent plugging of pressure 
balance orifices (0 05 to 0 1 In ) 

Plugging due to accrued contam 
(secondary effect) or, structural 
failure of either filter 

Closes earlier In shutdown tail- 
off of pressure, valve falls to 
open at start posslblu premature 
closure 

Valve position 


Scatlc Seals 


Prevent external leakage 


Creep 


None - external fire hazard 


Leak checks at malnt cycle 





















































FHEA ON CRITICAL COMPONENTS 


PART NAME 

FUNCTION 

FAILURE 

MECHANISM 

FAILURE EFFECT ON 
COMPONENT 

Motor Actuator and Gear Train 

Provide driving force to open/ 
close valve via a gear train* 

Open winding, short to ground 

Valve falls to open at start, 
slow to close at shutdown 



Shorted turns* 

Valve may opcn/olose slowly 



Gear breakage (structural 
fatigue), possible Jamming ■ 

Failure to open/close 



Bearings wear, gall or jam 

Slow to open/close, failure to 
open/close. 

Linkage^ Shaft 

Translate rotary gear output to 
linear valve motion* 

Cracked (structural fatigue) 

Valve falls to open, closes 
slowly* 

Spring 

Provide added closure force for 
sealing with no head pressare* 

Breakage, lose o£ ccnolon.* 

Palls to seal aC chlXl-dovn or 
shut down, slow to close 

Sliaft Bearings 

Transmit shaft radial loads to 
valve housing* 

Wcot, galling of shaft. 

Erratic valve opcnlng/closlng 

Poppet Seal 

Provide positive shutoff 

Wear, particle Imbedded In seal 
(secondary failure) 

Excessive Internal leak at chill 
dewn, post firing 

Pilot Valve (passive) 

Provides pressure balance Cor 
opening 

Falls to open (structural fail- 
ure) * 

Falls to open 


Falls to close (seal wear. Small leak at shutdoun 

coacam* I 


SYSTEM 10&40 ASSEMBLY 111&4,1,1 

SUBSYSTEM 1.1 & 4 1 COMPONENT 1 1.1 9 & A 1 1 9 


SHEET 1 Of 1 


RECOMMEiIOATlOHS FOR 
DETECTION METHOD 

OTHER 

RECOMMENDATION 

Valve position* 


Valve position 


Valve position 


Valve position 

' 

— 

Valve position* 

Valve position* Plus Icuk checks 
at malnt cycle 

Valve position* 


Leak checks at malnt cycle 


Valve position* 


Leak checks at malnt cycle* 



Static Seals 


Prevent external leakagci 


Creep. 


None » external oafety hazard 


Leak checks at malnt. cycle* 
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FMEA OK CRITICAL COHPOKENTS 


SYSTEM 1.0 & 4.0 
SUBSYSTEM 1.1 4 4.1 


ASSEMBLY: 1.1.1 & 4.1.1 

COMPONENT: 1.1.1.10 4 4.1.1.10 


SHEET 1 of 1 


PART HAME 

FUNCTION 

failure 

MECHANISM 

FAILURE EFFECT ON 
COMPONENT 

REC0MJ1-H0ATI0NS FOR 
DETECTION METHOD 

KoCoc/Gear Train Drive 

Provide valve positioning force. 

Open winding, short to ground 

Failure to open, falls to close, 
foils static, not reap, to 
coamands. 

Valve position. 



Shorted turns. 

Slow response. 

Valve position. 



Gear failure (structural fatigue)* 

Failure to open, rcnalns open at 
shutdown* Falls static with no 
response to commands. 

Valve position* 



Kotor bearings gall, 
possibly Jam. 

Failure to open, slow to open/ 
close, failure to close. 

Valve position. 

Shaft 

Transmits power from gear train 
to volvc piston. 

Breakage (structural failure). 

Failure to open, failure to close 
at shutdown, falls static - no 
response to coomands 

Valve posiCloti. 

Shaft Bushings 

Take out shaft radial loads & 
provide guidn , 

Wear, galling. 

Failure to open, failure to close, 
erratic operation of valve. 

Valve position* 

Shaft Seal (Frliasr^) 

Provide pressure seal between 
valve cavity and secondary seal* 

Wear, 

Poaeible slight effect on valve 
response » 

Leak check at malnt. cycle* 

Shaft Seal (Secondary) 

Provide seal between primary seal 
and motor cavity. 

Wear, 

No effect* Secondary failure 
causing external leak. 

Leak checks . 

Piston King (Upper) 

Fart of valve determination. 

Wear, loss of spring force 

Slight change in valve Cy. 

Change in position for given 
power demand. 

Valve position Prcburncr chamber 
pressure. 

Piston Ring (Lower) 

Provide a pressure balance seal* 

Wear, loss of spring force. 

Increased opening time, 
decreased closing time. 

Valve position. Preburner chamber 
pressure 

Static Seals 

Prevent external leakage » 

Creep, 

None - external safety hazard 

Leak checks at maint. cycle. 























































FHEA ON CRITICAL COIIPONERTS 


SYSTEM 1 0 6i A 0 

SUBSYSTEM 1 1 & A-l 


ASSEMBLY 1 1,1 & 4 1 1 
COMPOMENT 1.1.1.11 & 4 1.1 11 


SHEET 1 of 1 


PART NAME 

FUNCTION 

FAILURE 

MECHANISM 

FAILURE EFFECT ON 
COMPONENT 

RECOMMENDATIONS FOR 
DETECTION METHOD 

OTHER 

RECOMMENDATION 

Motor/Gcar Train Drive 

Provides valve opening/position- 
ing force* 

Open winding, short to greund* 

Failure to open, or premature 
closure 

Valve position 


Shorted turns. 

Slow rasponse* 

Valve position 

Gear failure (structural 
fatigue) posolblo jamming 

Failure to open, premature 
closure, failure to close* 

Valve position 

Motor bearings gall and Jam* 

Failure to open, slow opening/ 

Valve position 





closing, failure to close* 


Shaft 

Transmits power from gear train 
to valve piston. 

Breakage (structural failure) 

Failure to open, premature 
closure. 

Valve position 

Shaft Bushings 

Take out stiaft radial loads, and 
provide guide 

Wear, galling* 

Failure to open, failure to 
dose, erratic operation of 
valve 

Valve position 

Shaft Seal (primary) 

Provide pressure seal between 
valve cavity and secondary seal* 

Wear 

Slight effect on valve response 
time. 

Leak check, valve position 

Shaft Seal (secondary) i 

Provide seal between primary 
seal and engine exterior* 

Wear 

Secondary failure resulting in 
external leak 

Leak check 

Piston Ring (upper) 

Provide restricted flow path dur- 
ing start to MPL* 

Wear, loss of spring force. 

Valve not conttoXling start and 
shutdown transient properly - 
slight ctiangc In position for 
given power demand 

Valve position, prebumer chamber 
pres sur e , t emp era tur e . 

Piston Ring (lowec) 

Provide a pressure bal. seal. 

Wear, loss of spring force. 

Increased opening time, de- 
creased closing time (very small 
effect) 

Same as above. 

Shutoff Seal 

Provide positive ahutoff* 

Wear, contaminate particle in 
seal (secondary) * 

Excessive Internal leakage of 
o\ld. 

Leak checks at maint* cycle* 


Static Seals 


Prevent external leaks 


Creep 


None - external safety hazard 


Leak checks at maintenance 
cycle 
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FMEA ON CRITICAL COMPONENTS 


SVSTEM 1 0 & A 0 
SUBSVSTEM 1 1 «. A 1 


ASSEMBLV 1 1 3 & A 1 3 

COMPONENT 1 1 3 1 4 A 1 3 1 
SHEET of 1 


PART NAME 

1 

FINCTION 

FAILURE 

MECHANISM 

FAILURE EFFECT ON 
COMPONENT 

RECOItMENOATIOHS FOR 
DETECTION METHOD 

Oxldlzor Valvfi, Solenoid 28 vdc 

1 Provide on-off control of oxidizer 
flow to igniter in response to 
command 28 vdc valve is a fail- 
close on loss of power 

Fails to open 

Falls to Ignite, 

Valve position <fisc7ece 

Opens slowly 

Falls to ignite 

Valve position discrete, preburner 
chamber pressure 

Premature closure 

Fails to ignite. 

Same as above 

Fails to close due to sticking at 
closure signal 

Burnout of igniter chamber, with 
possible burn-through to hot gas 
manifold high temp discharge gas 

Valve position discrete, main C C 
pressure 

Scat leakage boyond spec limits 

Hard start, possible igniter tube 
damage 

Leak check at maintenance cycle 
Main C C pressure Physical 
check of igniter plug. 


Convert: 2S vdc to 30,000 volt 
50 pps energy to plug 

No output or low output 

Falls to ignite 

Igniter current 

Cable from Exciter to Plug (Each 
Eyfiltcr to Plug) 

Conduct hLgh-voItagc pulses from 
exciter to spark plug 

Open circuit 

Falls Co ignite 

Igniter current 

Short circuit, or spark gap to 
ground not allowing spark to dis- 
charge at plug 

Falls Co ignite 

Ignition detector 

Spark Plug (Redundant) 

Provide controlled spark gap 

1 

Short to ground 

Falls to ignite 

Ignition detector 
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FHEA ON CRITICAL COMPONENTS 


SYSTEM 1^0 & 4.0 
SUBSYSTEM 1.1 S 4.1 


PART NAME 


Motor/Gear Train Drive 


Shaft: 


Shaft Bushings 


Shaft Seal (Primary) 


Shaft Seal (Secondary) 


Piston Ring (Upper) 


Piston King (lover) 


Shutoff Seal 


Static Seals 



FAILURE 

MECHANISM 


Provide valve openlng/positioning Open winding, short to ground 
force . 

Shorted turns. 

Motor bearings gall and Jam. 

Gear failure (structural fatigue): 
possible Jamming. 


Transmits power from gear train Breakage (stcuctttal failure), 
to valve positron. 


Take out shaft radial loads and 
provide guide. 

Wear, galling. 

Provide pressure seal between 
valve cavity and secondary seal 

Wear, 

Provide seal between primary seal 
and engine exterior. 

Wear, 

Provide restricted flow path 
during start to MPL. 

Wear, 

Provide a pressure balance seal 

Wear, 

Provide positive shutoff. 

Woar/particle imbedding 

Prevent external leakage 

Creep, 


FAILURE EFFECT ON 
C0I1P0NENT 

REC0H11EHDAT10HS FOR 
DETECTION METHOD 

Failure to open, 
premature closing. 

Valve position. 

Slow response. 

Valve position 

Failure to open, slow to open/ 
close, failure to close 

Valve position. 

Failure to open, peemsture closure 
failure to close. 

Valve position. 

Failure to open, pecicaturc 
closure . 

Valve position, 

Failure to open, falluce to 
close, creatic operation of 
valve , 

Valve position. 

Slight effect on valve response, 

depending upon severity. 

LoaV. chocks, possibly valve 
position. 

No effect Requires double 
failure - then external leak 
would be evidenced. 

leak checks , 

Slight increase of o\id flow to 
preburner during start and 
shutdown. Valve not controlling 
flow properly. 

Freburner chamber pressure, 
temperature . 

Slightly increased opening time, 
decreased closing tine. 

Valve position, preburncr 
chamber pressure 

Excessive internal leakage 
of orld. 

Leak checks at reg, malnt, cycle. 

None • external safety hazard 

Leak checks at reg maint, cycle. 


ASSEMBLY. 1.1.1 & 4.1,1 
COlPONEHT 1.1.1.12 & 4.1,1,12 
SHEET 1 of 1 


OTHER 

RECOKMENDATION 
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FHEA ON CRITICAL COMPONENTS 



FAILURE 

MECHANISM 


FAILURE EFFECT ON 
COMPONENT 


Oxidizer ValvC) Solenoid, 
28 vdc 


Provide on-o££ control of 
oxidizer flow to Igniter In 
response to coinmand 28 vdc. 

Valve is a fall-close cn loss of 
power. 


Exciter (redundant) 


Cable from Exciter to Plug 
(each exciter to plug) 


Convert 28 vdc Input signal to 
30,000 volt 50 pps energy to 
plug 


Falls to open. 


Opens slowly. 


Premature closure. 


Falls Co close due to sticking, 
at signal to close I 


Seat leakage beyond spec limits* 


No output or low output 


Falls to Ignite* 


Falls to Ignite, premature loss 
of Ignition 

Reduction in life expectancy of 
Igniter assy^ burnout of Ignitor 
chamber, metal contamination of 
prebumer injector. 


Pressure spike In Igniter 
chamber Possible Igniter 
damage. 


Falls to ignite. 


Conduct hlgh-voicage pulses from I Open circuit 
exciter to spark plug. 


Short circuit or spark gap Co 
ground, not allowing spark to 
discharge at plug 


Falls to ignite. 


Falls to Ignite, 


SYSTEM 1.0 & 4,0 

SUBSYSTEM 1.1 & 4 1 


RECOnnENDATIONS FOR 
DETECTION METHOD 


Valve position discrete* 


Valve position discrete, prc~ 
burner chamber pressure. 


Some as above. 


Valve position discrete. 
Check at maintenance cycle 
(functional and leak). 


Leak check at maintenance cycle 
Conduct physical check of 
Igniter plug 


Igniter current. 


Igniter current. 


ASSEMBLY 1 1.3 & 4.1.3 

COMPONENT 1 1.3.1 & 4 1 3 1 
SHEET 1 of 1 


OTHER 

RECOMMENDATION 
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03 


R1EA ON CRITICAL COMPONENTS 


SYSTEM 10&4.0 
SUBSYSTEM 1 1 & 4 1 


ASSEMBLY 1.1 3 6. 4 1 3 
COMPONENT 1. 13244132 

SHEET 1 of 1 



FUNCTION 

FAILURE 

FAILURE EFFECT ON 

RECOMMENDATIONS FOR 

PART NAME 

MECHANISM 

COMPONENT 

DETECTION METHOD 


Oxidizer Valve > Solenoid » 28 
vdc 


Sxclccr (redundant) 


Cable from Exciter to Plug 
(each exciter to plug) 


Spark Plug (rcdtmdant) 


Provide on-off control o£ 
oxidizer flow to igniter In 
responee to conmand 28 vdc* 
Valve l8 a fali-clo&c on loss 
of power. 


Convert 28 vdc input signal to 
30)000 volt 50 pps energy to plug. 

Conduct high-voltage pulses 
from exciter to spark plug 


Provide controlled spark gap. 


Palls to open. 

Opens slowly* 

Premature closure 

Palls to close due to sticking) 
at closure signal 

Scat leakage Leyond spec 
limits. 

No output or low output. 

Open circuit 

Short circuit, or spark gap to 
ground not allowing spark to 
discharge at plug. 

Short to ground. 


Falls to Ignite 
Falls to Ignite. 

Fails to ignite. 

Reduction In life expectancy oE 
igniter assy, burnout of 
Igniter chamber, metal con- 
tamination of prebumer injector 

Excessive pressure spike, 
possible Igniter damage. 

Fails to ignite. 

tails to ignite. 

Fails to ignite. 

Fails to ignite. 


Valve position discrete 

Valve position discrete, pre- 
burner chamber pressure. 

Same as above 


Valve position discrete, check 
at maintenance cycle, functional 
and leak check. 


Leak check at maintenance cycle, 
check Ignitor plug condition 

Igniter current. 


Igniter current, 
Ignition detector 

Ignition detector 


OTHER 

RECOIUIEKOATIOK 













SYSTEM 1 0 & 4 0 

ASS£!!8LY 

1 1.4 & 4 1 4 

FHEA ON CRITICAL COMPONEIITS 



Glmbdl Actuatoc 


SUBSYSTEM 116 4; 

COHPOHENT* 

& Power Pack 




STiEET 1 of 2 


PART KAME 

FUNCTION 

FAILURE 

MECHANISM 

FAILURE EFFECT ON 
COMPONENT 

RECOMMENDATIONS FOR 
DETECTION METHOD 

OTHER 

RECOMMENDATION 

Hydraulic Power Pack 

Provide hydraulic fluid at 3000 
palg nominal to the TVC gicnbal 
actuacora 

Minor fluid leakage (not at suf* 
ficlcnt rate to doplotc reserve 
fluid during mission. 

Fault Isolation and repair or re- 
placement required prior to next 
flight 

Reservoir fluid level measurement 
(piston position transducer) 




Major fluid leakage (at rate suf- 
ficient to deplete reserve fluid 
and eventually starve pump inlet) . 

Impending loss of pressure to 
glmbal actuators, resulting In 
actixator slow response while ac- 
cumulator discharges and then in 
hardover actuators 

Same as above 

Lock actuators In null position 
when this failure mede Is de- 
tected 



Turbine-driven pump failure to 
deliver flow 

Rapid loss of pressure to gimbal 
actuators as accumulator dis- 
charges (2 to 12 seconds > depend- 
ing On actuator activity) , result- 
ing In actuator slow response for 
brief period and then in hardover 
actuators 

Supply pressure measurement 

Operate motor-driven pump and 
lock actuators In null position 
when this failure onde is de- 
tected 



Motor-driven pump failure to de- 
liver flow 

Inability to checkout or service 
gimbal actuator and power pack 
Loss of backup to turbine driven 
pump for actuator null lock opera- 
tion 

Supply pressure measurement. 




Loss of accumulator gas charge 

Kcglible effect if turbine-driven 
pump is ok. However, if this con- 
dition exists, a sudden failure of 
the turbine-driven pump to deliver 
flow Is likely to disable capabil- 
ity to lock actuators in null 

pocition (because of too rapid 

loss of pressure to actuators be- 
fore matox-drlvon pump can come up 
to speed) . 

Accumulator gas pressure measure- 
ment 

• 

Possibly operate motor-driven 
pump whenever tutbinc-drlvcn pump 
is operating (set pressure compen- 
sator on motor-driven pump to 
lower pressure so that it normally 
Operates at no load) 



EKcesslve particulate contamina- 
tion In hydraulic fluid (due to 
pump wcar» erosion of fluid pas- 
sages, etc) 

Clogging of filters at actustor 
Inlets, reducing filter effective- 
ness and allowing contamination to 
reach actuator servovalves May 
result in servovalve failure to 
function 

Periodic sampling of hydraulic 
fluid for analysis (ground mainte- 
nance operotlon) 

Flush and refill component with 
clean fluid when indicated by re- 
sults of fluid sample analysis 
Replace actuator filters whenever 
extreme fluid contamlnatron has 
occurred 

Glnbal AcCuaCor 

Position the rocket engine for 
TVC 

Minor Internal leakage (servovalve 
able to deliver flow at load re- 
quired to hold actuator at eon- 
nanded position) « 

Slow response of gimbal actuator 

Actuator position measurenent com- 
mand . 

CO 

AO 















niEA ON CRITICAL COMPONENTS 


SYSTEM 1 0 & 4 0 
SUBSYSTEM 1 1 6f 4.1 


ASSEMBLY 1 1 4 & 4 1 4 
rAMo/iMcwT Clrebol Actuator 
COMPONEHT & Power Pack 


SHEET of _2 



FUNCTION 

FAILURE 


FAILURE EFFECT ON 

RECOMMENDATIONS FOR 

OTHER 

PART NAME 

MECHANISM 

COMPONENT 

DETECTION METHOD 

RECOMMENDATION 

Clmbal Actuator 


Major internal leakage (in excess 

Actuator goes toward hardover 

Actuator position measurement 


(continued) 


of cctvovolvc ability to deliver 

position. Detection of error 

compared to coiuniaud. 




flow at pressure required to hold 

causes actuator to return to null 




actuator at comrciandcd position) 

and lock (as if both primary and 







secondary servovalves had failed 
as below) 





Primary servovalve fails to re- 

Mo response of actuator to com- 

Same as above 




spond to electrical input signal 

mand. Detection by external sys- 







tern, which compares the Input sig- 
nal to the actuator output posx-^ 
tion, results in disabling of the 
primacy sorvovalve and enabling of 
the secondary sarvovalve The 
actuator will then function nor- 
mally 





Secondary servovalve 

falls to re- 

Mo response cf actuator to com- 

Same as above 




spend to electrical input signal 

mand Detection (as for primary 





(after disabling of primary servo- 

servovalve fsilure) disables the 





valve) , 


secondary servovalve, arms the 
null lock, ar.d allows the center- 
ing valve to drive the actuator to 
null poeitlor. 





Actuator does not lock in null 

Actuator goes hardover and remains 

Actuator null position switch. 




when required by other fallura 
modes being detected or engine 
shutdown (Failure of solenoid 
valve, centering valve, selector 

there 


' 




valve, null lock, or 
mechanism ) 

feedback 






Mull lock Inadvertently arms 
(solanoid valve nr disarm piston 

Actuator locks in null position 

Actuotor position measurement com- 
parod to command. 




seal fails) 






Feedback mechanism backlash (due 

excessive null shift, loss of 

Same as above 




to wear or partial failure) , 

position accuracy, and possible 







unstable actuator position (oscil- 
lation) 





Feedback machanism failure 

Unmodulated actuator position 

Same as above 

Arm actuator null lock to lock In 





(full extend or full retract posi- 


position if actuator passes 





tions only) 


through null. 



Extrcncly high fluid 

temperature 

E>cessive null shift 

Same as above 




due to excessive internal leakage 






from ctlfice wear 


* 




DynaTnlc load damper failure Unstable actuator position (oscll~ Actuator position tneasurement 

(sticking plston> clogged orifice, lotion) analyzed for oscillation 

or broken spring) 


Lock actuator in null position 
when this condition is detected 
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RIEA ON CRITICAL COMPONENTS 


SYSTEM l.O & 4.0 

subsystem 1,1 & 4.1 


ASSEWJLY. 1.1.5 & 4,1.5 
COMPONENT: 1.1.5.4 & 4,1.5,4 



Power Modules for Valves, 
Xgnirlon, Solenoid Locks, 
Kotor Drives 


Power Modules for Instrumenta** 
tlon 


"BITE” Modules 


Provide outputs to on-off, modu- 
lating valves, glmbal actuator 
servos. Igniters, extendible 
nozrle drivers and locking 
mectianisms , gimbal actuator 
null locks. 


Provide regulated power as 
required for transducers 


Perfom teats on processor, 
power nodules. 


Select functional modules based 
on bite signals for operable 
flow path Thla unit Is fail 
neutral - a failure in the GCU 
results in continuation of the 
last structure /n additional 
failure in the controller re- 
sults in a safe engine shut- 
down via the shutdown module 


Shuts down engine on fixed se- 
quence, selected in event of 
failure of the shutdown capa- 
bility associated with other 4 
two channels. 


FAILURE 

MECHANISM 


Driver fails to deliver power 
on command 


FAILURE EFFECT ON 
COMPONENT 


RECOMMENDATIONS FOR 
DETECTION METHOD 


OTHER 

RECOMMENDATION 


Loss of redundancy 





Loss of power 

Loss of redundancy 

Logic failure, loss of check 
capability 

Loss of redundancy 

Failure of select switches, 
logic. 

Loss of select capability 


Primary/seeondary cotaparleon 


Failure mode gives "switch" 
signal to ecu, or CPU to 
switch bite 


None - falls neutral Shut- 
down module still available 
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FMEA OH CRITICAL COIIPONENTS 


SYSTEM 1 0 6. 4 0 

SUBSYSTEM 1 1 & 4.1 


ASSEMBLY 1 1.5 & 4 1.5 
COMPOHENT 1.1. 5, 4 & 4 1.5.4 
SHEET 1 of 2 


PART NAME 

FUNCTION 

FAILURE 

MECHANISM 

FAILURE EFFECT ON 
COMPONENT 

RECOtlMEHOATIONS FOR 
DETECTION METHOD 

SC ^pllfler Analog Multiplexer 

Amplify low level signals from 
transducers, to a level suitable 
for multiplexing, multiplex 16 
channels into one output* 

Amplifier zero drift 

Loss of redundant data channel* 

Computation comparison 

Noisy channel* 



Loss of signal. 



Clamped full scale signal. 



Gain change 



Constant output from one channel 
(MUX switch fails to reopen) 

Loss of 16 channel redundancy 

Computation comparison. 

Node Analog Switches 

Provide selection of any of the 
16 channel amplif/MUK modules 
into one of two or both analog** 
to**dlgltal convertors 

Loss of signal 

Loss of all redundancy in one 
Input subsystem (analog inputs). 

Computation comparison. 

Constant output ** from one 
module (MUX switch fails to 
reopen) • 

Analog-to-DlglCal Converter* 

convert high level analog signals 
from node switches to binary 
digits. 

kef. supply drift* 

Sane as above. 

Computation comparison. 
BITE 

"Hanging’* digits or dropping 
digits* 

Hef. resistor open, with 
digitizing errer 

Digital Ptoeosaor/Maraory 

Perform calculations, tests, 
sequencing, self chocks. 

Failure in core, logic failuco, 
clock failure, power supply 
failure* 

IjOas of one complete channel. 

Computation comparison. 

Countor Input Module 

Convert periodic Input signals 
(rpn flow) Co binary digits. 

Improper counting, logic failure. 

Sorae as above 

Computation comparison. 

Digital Interface 

Provide logic Interface between 
vehicle data/command bus and 
controller. 

Logic element failure. 

Sane as above. 

Diagnostic routine from vehicle 
comp/lnterface. 
















































FHEA ON CRITICAL COMPONENTS 


STSTEI) 1 0 & A 0 
SIBSVSTEH 1 1 & 4 1 


ASSEMBLY 1 1.5 & 4.1. S 


COMPONENT 


Ignition Control Hocncss 
SHEET 1 of 1 


PART NAME 

FUNCTION 

FAILURE 

MECHANISM 

FAILURE EFFECT ON 
COMPONENT 

RECOMMENDATIONS FOR 
DETECTION METHOD 

OTHER 

RECOMHENDATIOH 

Ctible, from Cdntroll&r to Exciter 
(Two ExclCere, Two Cables) Fuel 
Preburner, Oxld Preburner, Mein 
Conbusclon Chatnber 

Conduct 28 vdc on comtnand from 
controller power bus to spark ex* 
clter unit 

Open circuit at connectors 

loss of continuity 

Igriter current 


Short circuit to ground In cable 
or connector 

loss of pover transmission to 
exciter 

Ignitor current (breaker should 
blow, showing loss of current) 


Open circuit In coble 

loss of continuity 

Igniter current 


High reslatancu connection 

high resistance co current flow 

ignxeer current 


Cables from Controller to 
Individual Valves, Including Con^ 
ncctors 

Conduct dc or ac from controller 
power bus to valves. 

All nodes result In loss or ex- 
treme degradation of conduction 

The valves will fall to open, or 
will fail Co prescribed condicion, 
as specified The Individual 
valve failure nodes end effects 
Include this mode 

N/A ' 







C3 

t I 

C*> ‘ 
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FMEA ON CRITICAL COMPONENTS 


SYSTEM 4.0 
SUBSYSTEM 4 1 


ASSEMBLY 4 1 s 
COMPONENT 4,1.8. 3 
SHEET 1 



FAILURE 

FAILURE EFFECT ON 

RECOmiENDATIONS FOR 

OTHER 

HECHANiStl 

COMPONENT 

DETECTION METHOD 

RECOMMENDATION 


Motor Dclva Unit for Extending 
Retracting Morula 



lock Drive Mechanism 


Provides power to drive the 
ONtcnslon essemMy. 

(Redundant motor mechanisms) • 
Operates from system electrical 
power. 


Transmit output force of motor 
drive unit to noszle (redundant 
cable drives). 


Provide driving force for nozzle 
locklng/sealtng at extended 
position. (Redundant motor 
mechanisms.) 

Operates from system electrical 
power 


Open circuit 
Short circuit 


Shorted turns 


Gear breakage, bearing galling, 
jamming (or circuit mech. sllp~ 
page) . 



Open Circuit. 
Short circuit 


Shorted turns 


Gear breakage, gears wear, 
jamming 


Failure to extend or retract, 
ctopping at intormodlatc pooltlon 


Slow operating, with potential 
for incomplete extension prior 
Co separatlon/ignltlon 


Slow operation, failure to 
extend/rctract, stopping at 
intermediate position 


Failure to cxtcnd/rctract, 
stopping at intermediate posl' 
cion 


Failure to lock, foilurc to un~ 
lock, partial unlock/lock 


Slow operation - ultimate motor 
burnout 


Failure to lock/unlock, partial 
unlocking/looking 


Nozzle position 
Motor current 


Nozzle position 
Motor current 


Same as above 




Motor current 
Lock position 
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FHEA ON CRITICAL COMPONENTS 


SYSTEM I 0 & 4.0 
SUBSYSTEM 1 1 & 4.1 


ASSEffiLY. 1.1 S & 4.1 5 

COMPONENT: 1.1.5. 4 

SHEET 1 of 1 



FAILURE 

MECHANISM 


FAILURE EFFECT ON 
COMPONENT 


Fuel Tcmperetuce, Fuel Preburner 
Inlet 

Fuel Temp, Oxld Preburner Inlet 

Oxld Temp, Oxldlscr FlowtscCor, 
Pro burn 

Oxld Temp, Mein Combustion Cham- 
ber Flowmeter 

Oxld Flow, Preburncre 

Oxld Flow, Main Combustion 
Chamber 


Provide temperature data for mix* Shift of resistance vs temperature Change sensitivity 
ture ratio control loop. sensitivity 


Open circuit 


Loss of signal 


RECOMMEMDATIONS FOR 
DETECTION METHOD 


Compare redundant data 


Compare redundant data 


OTHER 

RECOMMENDATION 


Low Impedance short across signal Change (reduction) of sensitivity 
leads 


Pres sure, Main Combustion Chamber 


Fuel Pressure, Fuel Preburner 
Inlet 

Fuel Pressure, Oxld Preburner 
Inlet 

Oxld Pressure, Gxid Flowmeter 

Oxld Pressure, Main Combustion 
Chamber Flowmeter 

Pressure, Fuel Preburnor, Combus- 
tion Chamber 

Pressure, Oxld Preburner Combus- 
tion Chamber 


^P, Inlet to Chember, Fuel 
Preburner 

^P, Inlet to Chamber, Oxld 
Proburner 

Oxld pressure, 1st Stage Dlsch, 
HPOTPA 

Oxld Pressure, 2nd Stage Dlsch, 
HPOTPA 


Provide oxld flow rate (volumetric) Open circuit in plckoff coil 
Data for mixture ratio control 

loop* — 

Low impedance short circuit across 
signal leads 


Bearing wear or contamination 


Provide pressure feedback data for Open circuit In power or signal 

control loops (Thrust and mix- loads 

ture ratio ) 

Low impedance short across power 
or signal leads 


Loss of signal, one coll 


Reduced output voltage, one coll 


Erratic output, change in calibra 
tion factor, loss of signal in 
both plckoff coils, due to rotor 
locking 



Compare redundant data - (second 
coll) 


Compare redundant data - (second 

coil) (effect may be e signal 

below system threshold). 
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FIO ON CRITICAL COMPONENTS 


SYSTEM 4.0 AS5EHGLY 4.4.2 o^ldl.ec Tank 

SUBSYSTEM 4.4 - COMPONENT 4 4.2 1 Vent Valve 


SHEET 1 Of J. 


PART NAME 
Pcltnorjr Pilot Valve 
Secondary Pilot Valve 


FUNCTION 

FAILURE 

MECHANISM 

FAILURE EFFECT ON 
COMPONENT 

RECOHIIEtlOATIONS FOR 
DETECTION METHOD 

OTHER 

RECOMMENDATION 

Provides force to open ntaln valve 

1) Falls open 

2) Fails closed. 

No effect 
No effect 

Valve position Indicator 
Valve position indicator 

Method should be devised to 
checkout pilot volve 

Bockup to prlmory pilot valve 

1) Palls open 

2) Falls closed 

Valve could not operate as a 
noccnally closed valve, 

Valve could not operate In the 
open iDode 

Valve position indicator 
Valve position indicator 

Same as above 
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FH8A ON CRITICAL COMPONENTS 

SYSTEM 4 0 
SUBSYSTEM A A 

ASSEMBLY 4.4.4 

COMPOHENTt 4.4. 4*2 Fuel. Isolation 
Valve 

SHEET 1 of 1 



FAILURE 

FAILURE EFFECT ON 

RECOlUiENDATIONS FOR 

OTHER 

PART NAME 

FUNCTION 

ilECHANISH 

COMPONENT 

DETECTION METHOD 

RECOMMENDATION 

Rclle£ Valve 

Peevente the overpressurizatlon 
of food lined dovnetrean of the 
shutoff valve in the event all 
valves are closed and lines 
arc filled with fuel 

Falla closed. 
Fails open 

Feed lines dovnstream would 
burst 

External leakage 

Valve position indicator 
Valve position indicator 

Devise method for valve checkout. 

Actuator 

Provides actuation for valve. 

Falls CO operate 

Valve falls open or closed 

Valve position indicator* 
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SYSTEll 4 0 ASSEMBLY 4 4 5 


FilEA ON CRITICAL COItPONENTS 


SUBSYSTEM 4 4 COMPONENT 4 4 5 2 Fuel Tank Vent 

Valve 

SHEET 1 Of 1 


PART NAHE 

FUNCTION 

FAILURE 

MECHANISM 

FAILURE EFFECT ON 
COMPONENT 

RECOMMEKOATIONS FOR 
DETECTION METHOD 

OTHER 

RECOIIMENDATION 

Primary Pilot Valve 

Providee force to open nuiln valve 

Pails open. 
Fails closed* 

Ho effect secondary pilot would 
Operate valve 

No effect - secondary pilot would 
operate valve 

Valve position Indicating switch* 
Valve position indicating switch. 

Hothod should be devised to e/o 
pilot valve 

Secondary Pilot Valve 

Backup to primary pilot valve 

Fails open* 

Fails closed 

1 

Valve could not operate as a 
normally closed valve 
Valve could not operate In the 
open mode 

Valve position indicating switch. 
Valve position indicating switch. 

Ilethod should be devised Co c/o 
pilot valve 
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FMEA ON CRITICAL COMPONENTS 

SYSTEM 2 0 

SUBSYSTEM 2 3. 2 4, 2 6 

ASSEMBLY 231 1,2.4 1 1,2 6 
COMPONENT Turbine 

SHEET _1_ of _ 1 _ 

PART NAHE 

FUNCTION 

FAILURE 

MECHANISM 

FAILURE EFFECT ON 
COMPONENT 

RECOHMENDATIOilS FOR 
DETECTION METHOD 

OTHER 

RECOMMENDATION 

Turbine Case 

Locate snd support vanes and blade 
tip seals Support turbine ex- 
haust ducting 

Cracking due to high loads and 
thermal stress 

Possible loss of vane or seal 
support 

Visual inspection^ measure tur- 
bine speed 

Hone 

Rotor Shaft 

Support turbine disks Transmit 
tor<iue from disks to power train 
and provide spacing for rotor 
parts 

1) Shaft deplection due to high 
load or excessive tempera- 
tures 

2) Fatigue cracking due to vibra- 
tion 

3) Shaft separation (secondary 
failure) 

1) Possible rubbing of turbine 
blades against case Reduced 
bearing life 

2) Reduced pact life, possible 
shaft separation 

3) Complete loss of turbine 

1) Measure turbine vibration, 
visual inspection 

2) Visual inspection 

3) Measure turbine rotor speed, 
visual Inspection 

None 

Turbine Disks 

Support blade seals and spacers 
Provide axial spacing for rotor 
parts Transmit driving torque 
from blades to rotor 

1) Radial growth due to over- 
speed or overheating 

2) Galling or wear of blade at- 
tachment slots due to vibra- 
tion or gas load 

1) Limited growth will result in 
blade tip or seal rubbing and 
snap growth^ which could re- 
sult In rotor shaft unbalance 

2) Reduced part life 

1) Measure turbine vibration, 
visual inspection 

2) Vlaiiot inspeetlan 

None 

Turbine Blades 

Transmit energy from gas stream 
to disks 

1) Airfoil cracking due to 
vibration and centrifugal 
loads 

2) Blade tip rub duo Co material 
creep or extreme gas generator 
condition 

1) Reduced part life Possible 
loss of blade resulting In 
rotor unbalance and possible 
damage to downstream parts 

2) Blade tip and case wear 
Possible vibration 

1) Measure turbine vibration, 
visual inspection 

2) Visual Inspection 

Hone 

! 

Seals 

Form flow path at blade tips. 

1) Weor due to rubbing 

2) Distortion due to gas loads 
ond ehcrmal growth 

1) Loss of efflcxcncy duo to 
leakage 

2) increased seal clearance re- 
sulting in gas leakage and 
performance loss 

1) Visual inspection 

2) Visual inspection 

None 



Direct gaa generator cowbuetlon 
productf to turbine blades 


Bending of vanes due to gas 
loads or overtcmperaturc 
Cracking due to blade vake- 
oxclted vibration 
Erosion due to hot gas 
Implngcinent 


1) Loss of efficiency due to 
flow distortion 

2) Reduced part life Possible 
total or partial vane loss 
resulting In downstream dam- 
age and/or loss of efficiency 

3) Reduced part life 


1) Visual inspection ) measure None 

gas temperature 

2) Visual Inspection 

3) Visual Inspection 
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SrSTEH Z 0 

ASSEMBLY 

2 3.1 3 

FMEA ON CRITICAl. COHPONBJTS 

SUBSYSTEM 2 3 

COMPONENT 

Fu[np 

SWEET 1 of 1 


PART NAME 

FUNCTION 

FAILURE 
IIECHANISH , 

FAILURE EFFECT ON 
COMPONENT 

RECOMMENDATIONS FOR 
DETECTION METHOD 

OTHER 

RECOMMENDATION 

Nain Housing 

Contain LEI 2 propellant locate 
and support bearings and seals 
Provide compartments for location 
and cnounting of Impeller and bear- 
ings Provide mounting pads for 
gearbox housing and structural mom-' 
bers 

1) Cracking of housing at trount' 
Ing pads due to high loads and 
stress concentrations 

2) Cracking of Impeller support 
lugs due to high loads 

3) Loosening of studs or bolts due 
CO thercnal expansion or high 
loads 

1) External leakage of LHg and 
possible bearing misalignment 
with reduced part life 

2) Reduced mount strength, possi- 
ble impeller ndsalignment with 
reduced part life 

3) External leakage of LU^ and 
posaibLo bearing taiaaligntikonC 
with reduced part life 

1) Visual inspection 

2) Visual inspection 

3) Visual inspection 

None 

Seals 

Prevent leakage between Impeller 
shaft and housing 

1) Wear caused by time in opera- 
tion or impeller unbalance 

2) Distortion caused by excess 
pump pressure 

1) External leakage of LH^ vith 
reduced part life 

2) External leakage of LH^ with 
reduced part life 

1) Visual inspection, measure 
pump dischargo pressure 

2) Visual inspection, measure 
pump discharge pressure 

None 

Iropcllcr 

Transmit LHg propellant at a apec" 
Ified inlet pressure to a higher 
pressure at the pump outlet 

1) Blade damage caused by pitting 
due CO particle ingestion and/ 
or local cavitation 

2) Impeller misaligntnent due to 
bearing wear or Improper as- 
sembly 

1) Change in pump efficiency and 
increase in vibration 

2) Impeller rub against main houS' 
ing Reduced part life vith 
loss In pump efficiency 

1) Measure pump vibration, visual 
inspection 

2) Measure pump speed, visual in- 
spection 

None 


Bearings Locate and support Impollcr within Wear of bearings due to high loads Reduced part life with possible Bearing tenperaturc racasurecnenti None 

the main housing or overheating bearing failure resulting In loss visual inspection 

of liapeller support Possible 
iispellcr rub ogainst housing 





























FtlEA ON CRITICAL COMPONENTS 


SVSTEH 2 0 
SUBSySTEN 2 A 


ASSKiOLY 2 A i 


COMPONENT Compressor 

SHEET 1 of 1 


PART NAME 

FUNCTION 

FAILURE 

MECHANISM 

FAILURE EFFECT ON 
COMPONENT 

RECOMMENDATIONS FOR 
DETECTION METHOD 

OTHER 

RECOMMENDATION 

Cottipro8sor Housing 

Locate and support bearings and 
seals Provide compartment for 
location and mounting of shafts 
and bearings Contain hlgh-prcs- 
sure gaseous oxygen Provide 
mounting pads for gearbox housing 
and structural members 

1) Cracking of housing at mount- 
ing pads due to high loads and 
stress concentrations 

2) Cracking of shaft support lugs 
due to high loads 

3) Loosening of studs or bolts 
due to thermal expansion or 
high loads 

1) External leakage of high- 
pressure gaseous oxygen and 
possible bearing misalignment 
with reduced part life 

2) Reduced mount strength, pos- 
sible shaft misalignment 
with reduced part life 

3) External leakage of high- 
pressure gaseous oxygen and 
possible bearing misalignment 
with reduced part life 

1) Visual inspection 

2) Visual inspection 

3) Vlsuol inspection 

None 

Rotor Shaft 

Support compressor disks. Trans- 
mit driving torque to disks and 
provide spacing for rotor parts 

1) Shaft deflection due to high 
load or excessive temperatures, 

2) Fatigue cracking due to vibra- 
tion 

3) Shaft separation {secondary 
failure) 

1) Fosslblc rubbing of compressor 
blades against housing Re- 
duced bearing life 

2) Reduced part life, possible 
shaft separation 

3) Complete loss of compressor 

1) Measure compressor vibration, 
visual inspection 

2) Visual inspection 

3) Measure compressor rotor speed, 
compressor outlet pressure, 
vlsuol inspection 

Hone. 

CoinprcsGor Blades 

Increase pressure of gaseous oxygen 
to 1500 psia for oxygon accumulator 
resupply 

1) Airfoil cracking due to vibra- 
tion and centrifugal loads 

2) Blade tip rub due to material 
creep or extreme gas generator 
condition 

1) Reduced part life Loss of 
blade resulting in rotor un- 
balance and possible damage 
to downstream parts 

2) Blade tip ond housing wear 
Possible vibration 

1) Measure compressor vibration, 
visual inspection 

2) Visual Inspection 

None 

Compressor Disks 

Support blade seals and spacers 
Provide axial spacing for rotor 
parts Transmit driving torque to 
blades 

1) Kadial growth due to overspeed 
or overheating 

2) Galling or wear of blade at- 
tachment slots due to vibra- 
tion or gas load 

1) Limited growth will result tn 
blade tip or seal rubbing end 
snap growth, which could re- 
sult in rotor shaft unbalance 

2) Reduced part life 

1) Measure con^ressor vibration, 
visual inspection 

2) Visual Inspection 

None 

High-Pressure Compressor Beals 

Limit interstage gas recirculation 

Seal distortion due to gas loads 
and thermal growth 

Increased seal clearance resulting 
in greater interstage gas leakage 
and performance loss. 

Visual inspection 

None 

Compressor Venes and Stators 

Direct gas from one rotor stage to 
the next 

1) Bending of vanes due to gas 
loads or overtemperature 

2) Airfoil cracking due to blodo 
wako-e> cited vibration, 

1) Loss of efficiency due to flow 
distortion 

2) Reduced part life Possible 
total or partial vane loss ro- 
sulting In downstream damage 
and/or loss of efficiency 

1) Visual inspection Measure 
stage gas temperature 

2) Visual Inspection 

None 

Kotor Shaft Soarings 

Locate and support rotor shaft 
within the compressor housing 

Wear of bearings due to high loads 
or overheating 

Reduced part life with possible 
bearing failure resulting in loss 
of shaft support Possible blade 
trp rub against housing 

Bearing temperature measurement, 
visual inspection 

None 
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FHEA ON CRITICAL COriPONENTS 



FAILURE 

MECHANISM 


FAILURE EFFECT ON 
COMPONENT 


SYSTEM 2 0 

SUBSYSTEM 2 3, 2 4» 2.6 


recommendations for 

DETECTION METHOD 


ASSEMBLY: 2 3.1, 2.4.1, 2.6.1 

COMPONENT Power Tralfl 

SHEET 1 of 1 


OTHER 

RECOMMENDATION 


Gearbo'< Housing 

Locate and support bearings and 
seals Provide compartment for 
location and mounting of gears, 
shafts, bearings Provide mount- 
ing pads for turbine, pump, oil 
pumps, and structural members 

1) Cracking of housing at mount- , 
ing pads due to high loads and 
stress concentrations 

2) Cracking of gearbox support 
lugs due to high loads 

3) Loosening of studs or bolts due 
to chartnal expansion or high 
leads 

1) Oil leakage and possible bear- 
ing misalignment Kith reduced 
part life 

2) Reduced mount strength, possi- 
ble drlveshaft misalignment 
with reduced part life 

3) Oil leakage and pocolble gear 
misalignment, reduced part 
life 

1) Visual inspection 
2} Visual inspection, oil pressure 
measurement 
3) Visual Inspection 

None 

Gear Shafts 

Support and position gears within 
the gearbox Transmit torque from 
gear to gear 

1) Wear of splines due to part 
movement 

2) Sheer of spline due to over- 
load 

1) Reduced part life 

2) Loss of torque transmission 
and support to gears Possible 
loss of oil pump or power 
transmission capability 

1) Visual Inspcctlcn 

2) Visual Inspection, oil pressure 
measurement 

None 

Bearings 

Locate and support gear shafts 
within the gearbox 

Wear of bearings due to high loads 
or overheating 

Reduced part life with possible 
bearing failure resulting in loss 
of shaft support and loss of force 
transmission to components 

Oil pressure measurement, oil 
temperature measurement 

None 

Gcors 

Transfer torque between shafts 
within gearbox 

1) Gear wear due to high loading 
or oil contamination 

2) Web cracking due to vibratory 
loading. 

1) Reduced part life 

2) Reduced part life with possi- 
ble shear failure resulting in 
loss of power transmission to 
components 

1) Visual inspection 

2) Visual inspection 

None 



Contain oLl and air praasure at 
component mounting pads 


Wear or crocking due to tnlsallgn- 
nent or high load 


Reduced port life, possible oil 
leakage 


Measure oil level, visual inspec- 
tion 





































FMEA ON CRITICAL COMPONENTS 

SYSTEM 5 0 
SUBSYSTEM 5 3 

ASSEMBLY 5 3,2 " 

COMPONENT Pouor Troln 

SHEET _1_ of _ 2 _ 



FAILURE 

FAILURE EFFECT ON 

RECOMMENDATIONS FOR 

OTHER 

PART NAME 

FUNCTION 

MECHANISM 

COMPONENT 

OETECnON METHOD 

RECOMMENDATION 

Gearbox Housing 

Locate and support bearings and 
seals Provide compartment for 
locficlon nnd mountlns of gears, 
shafts, beorings. Provide mount- 
ing pads for clutch, pumps, oil 
puinps, heat exchangers and struc- 
tural tnembers 

1) Cracking ox housing at mount- 
ing pads due to high loads and 
8 Cross concentrations 

2 ) Cracking ox gearbox support 
lugs due to high loads 

3) Loosening of studs or bolts 
duo to thermal e> pension or 
high loads , 

1) Oil leakage and possible bear- 
ing misalignment with reduced 
part life 

2) Reduced mount strength, pos- 
sible drlveshaft misalignment 
with reduced part life 

3) Oil leakage and possible gear 
misalignment, reduced part 
life 

1) Visual inspection 

2) Visual inspection, oil pres- 
sure mcoGurcRcnt 

3) Visual inspection 

Hone 

Goar Shafts 

Support and position gears within 
the gearbox Iransmlt tor<;uc from 
gear to gear 

1) Wear of splines due to part 
movement 

2) Shear of spline due to over- 
load 

1) Reduced part life 

2) Loss of torque transmission 
and support to gears Possi- 
ble loss of oil pump or power 
transmission capability 

1) Visual inspection 

2) Visual inspection, oil 
pressure neasurement. 

None 

Goar Shaft Bearings 

Locate and support gear shafts 
within the gearbox 

Wear of bearings due to high loads 
or overheating 

Reduced part life with possible 
bearing failure resulting in loss 
of shaft support and loss of force 
transmission to components 

Oil pressure measurement, oil 
temperature Rvoosurement 

None 

Gears 

Transfer torque between shafts 
within gearbox 

1) Gear wear due to high loading 
or oil contamination 

2) Web cracking due to vibratory 
loading 

1) Reduced pert life 

2) Reduced part life with possi- 
ble shear failure resulting 
In loss of power transmission 
to components 

1) Visual inspection 

2) Visual inspection 

Hone 

Seals 

Contain oil and air pressure at 
component rnountlng pads 

Wear or cracking due to misalign- 
ment or high load 

Reduced part life, possible oil 
leakage 

Koosuce oil level, visual inspec- 
tion 

Hone 

Clutch Housing 

Locate and support bearings and 
seals Provide compartment for 
location and mounting of clutch, 
power shaft, bearings Provide 
mounting pads for turbine, gearbox, 
and structural members 

1) Cracking of housing at mount- 
ing pads due to high loads and 
stress concentrations 

2) Cracking of clutch support 
lugs due to high loads 

3) Loosening of studs or bolts 
due to thermol expansion or 
high loads 

1) Possible bearing misalignment 
With reduced port life 

2) Reduced mount strength, pos- 
sible power shaft misalign- 
ment with reduced part life 

3) Possible bearing misalignment, 
reduced part life 

1) Visual inspection 

2) Visual inspection 

3) Visual Inspection 

Hone 

Power Shaft 

TronsmlC power from turbine to 
gearbox through clutch plates 
Support clutch plates 

1) Shaft deflection duo to^hlgh 
load or exeooclvc tcmperaturcd 

2) Fatigue cracking due to vibra- 
tion. 

3) Shaft separation (secondary 
failure) , 

1) Clutch misalignment resulting 
In possible oeal or clutch 
plate rubbing, reduced bearing 
life 

2) Reduced part life, possible 
shaft separation 

3) Axial shift of power shaft 
resulting In clutch place 
rubbing, loss of power trans- 
mission capability 

1) Measure clutch vibration, 
visual Inspection 

2) Visual Inspection 

3) Measure turbine speed, gear- 
box output, visual inspection 

Hone 
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FHEA ON CRITICAL COMPONENTS 


SYSTEM 5 0 
SUBSYSTEM' 5 3 


ASSEMBLY 5 3,2 

COMPONENT: Povet Train 

SHEET 2 of _Z_ 


PART NAME 

FUNCTION 

FAILURE 

MECHANISM 

FAILURE EFFECT ON 
COIIPONENT 

RECOtiilENDATIONS FOR 
DETECTION METHOD 

OTHER 

RECOMMENDATION 

Power Shaft Bearings 

Locate and support the power shaft 
within the clutch housing 

tfear of bearings due to high loads 
or overheating 

Reduced part life with possible 
bearing failure resulting In loss 
of shaft support and lose of force 
transmission (o components 

Bearing temperature meesuremont, 
visual inspection 

None 

Seals 

Preclude contamination of clutch 
housing by cxtcciial contamlnancs 

Vear or cracking duo to misalign- 
menc or high load 

Reduced pert life, possible clutch 
housing contanlnation 

Visual inspection. 

None 

Clutch Plates 

Control power transmission from 
turbine to gearbox 

1) Cracking of plates due to high 
loads and stress concentra- 
tions 

2) Separation of clutch plate 
(secondary failure). 

1) Reduced pore life, possible 
plate Bcporatlon 

2) Loss of power transmission 
control to gcarboX; possible 
loss of clutch housing 

1) Visual inspection 

2) Measure clutch vibration^ 
vifluol inspection. 

None 


Clutch Plate Control Solenoid 


Control engagement of clutch 
places 


1) failure to engage plates 
2> Failure to disengage plates 


Loss of poorer transmission 
capability to gearbox. 


^teasure turbine ard gearbox 
outputs (speed) 


2) Possible overload of turbine 2) Keasurc turbine speed 




























FHEA ON CRITICAL COMPONENTS 


SYSTEM 3 0 & 6 0 

SUBSYSTEM 3.1 & 6 1 


ASSEMBLY 3 1 1 & 6 1 1 
COMPONENT 3 1.1 1 & 6.1.1 1 


SHEET 1 of _i 





FAILURE 


FAILURE effect ON 


RECOnrtENDATlONS FOR 


OTHER 

PART NAME 

FUNCTION 


MECHANISM 


COMPONENT 


DETECTION METHOD 


RECOMMENDATION 

Blades 

Increase pressure o£ engine air 

1) 

Foreign object damage 

1) 

Decrease in performance 

1) 

Ground Inspection, Increased 

None 



CO low'pcessuce conpressor 

2) 

Blade tip rub due co material 


proportional to the excont of 


vibration 






creep or extreme engine 


damage 

2) 

Ground inspection 





3) 

conditions 

2) 

Blade and seal damage 

3) 

Inspection at overhaul, 





Cracking of airfoil or 

3) 

Possible loss of part of 


increased vibration 






dovetail due to blade flutter 


blade with downstream dnmago 
and high vibration 





Fen Disks /Hubs 

Supporc blades, blade locks, 

« 

Radial growth due to ovcrspcec 

1> 

Blade tip or seal rubbing 

1) 

Overhaul inspection and 

None 



seals, and rin spaces Transmit 


or overheating 


resulting in rotor shift 


engine vibration 




driving torque to blades Provide 

2) 

Cracks in rim lugs or web 


and unbalance. 

2) 

Overhaul inspection, engine 




axial spacing for rotor ports 


due to cycle loading. 

2) 

Tensile yield or burst which 


vibration, loud noise 
Overhoul inspection 





3) 

Galling or wearjof blade 


results in severe engine 

3) 






attachment slots due to gas 


damage 







loads and vibration 

3> 

Reduced part life 





SteCor Vanes 

Direct air from one rotor stage 

1) 

Focclgn object dotnogc 

1) 

Decrease in performance 

1) 

Overhaul Inspection, Increased 

None 



Co Che next. 

2) 

Surface damage due to blade 

2) 

Decrease in performance 


Total Specific Fuel 






contact 

3) 

Possible part failure with 


Consumption (TSFC) 





3) 

Cracking due to vibration 


downstream damage 

2) 

Overhaul inspection. Increased 





4> 

Wear of surface due to 

A) 

Reduced part life 


TSFC 






damage 

5) 

Downstream blade and vane 

3) 

Overhaul Inspection, reduced 





5> 

Loose fasteners 


damage 

4) 

engine pressure ratio 
Overhaul Inspection 









5) 

Overhaul Inspection 



Bearings 

Provide radial support to front 

1) 

Skid or wear due to low load 

1) 

Reduced part life possible 

1) 

Overhaul Inspection or engine 

None 



fan rotor 

2) 

Wear or seizure due to 


premature failure 


vibration 



■ 



overheating 

2) 

Same as above. 

2) 

Same as above 
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FMEA ON CRITICAL COMPONENTS 


SySTHH 3.0 & 6 0 

SUBSYSTEM 3 1 & 6 1 


PART NAME 

FUNCTICN 

FAILURE 

MECHANISM 

FAILURE EFFECT OH 
COMPONENT 

RECOMflENDATIONS FOR 
DETECTION METHOD 

Blades 

Increase pressure ot engine air 
to high-pressure compressor 

1) Wear of shroud contact faces 
due to vibration 

2) Foreign object dotsage 

3) Blade tip rub due to material 
creep or extreae engine 
condition 

4) Cracking of airfoil or dovetail 
due to blade flutter 

1) Loose blades reduced 
vibration damping 

2) Decrease in performance 
proportional to extent of 
damage 

3) Blade and seal damage 

4) Pooaible loso of part of 
blade with downstream damage 
and high vibration 

1) Inspection at overhaul, 
noisy rundown. Increased 
vibration 

I') Ground inspection, increased 
vibration 

3) Ground inspection 

4) Inspection at overhaul, 
increased vibration 

Dlshs/Hubs 

Support blades « blade locks, 
scats end rim spacers 
Transmit driving torque to 
blades 

Provide axlol spacing ^for rotor 
pares 

1) Radial growth due to overspeed 
or overheating 

2) Cracks in rim lugs or web due 
to cyclic loading 

3) Galling or wear of blade 
aCCacbment slots I due to gas 
loads and vibration 

1) Blade tip or seal rubbing 
resulting in rotor shift and 
unbalance 

2) Tensile yield or burst which 
results in severe engine 
damage. 

3) Reduced part life 

1) Overhaul inspection and 
engine vibration 

2) Overhaul inspection, engine 

vibration, loud noise. ^ 

3) Overhaul inspection. 

Air Soals 

Limit Interstage air 
recirculation 

Hear or cracking due to rubbing 

Increased seal clearance resulting 
in higher Interstage air leakage 
and performoncc loss 

Overhaul inspection and increase 
In TSFC 

Bcator Vanes 

Direct air from one rotor stage 
Co the next 

1) Foreign object damage 

2) Surface damage due to blade 
contact. 

3) Cracking due to vibration. 

4) Wear of surfaces duo to 
damage 

5) Loose fasteners 

1) Decrease in performance 

2) Decrease In performance 

3) Possible part failure with 
downstream damage. 

4) Reduced port life 

5) Downstream blade and vane 
damage 

1) Overhaul inspection, 
Increoscd TSFC, 

2) Same as above 

3) Overhaul inspection, reduced 
engine pressure ratio 

4) Overhaul inspection 

5) Overhaul inspection 

Bearings 

Provide radial support to front 
fan rotor 

1) Skid or wear due to low load 

2) Wear or seizure due to 
overheating 

1) Reduced part life, possible 
premature failure 

2) Same as above 

1) Overhaul inspection or 
engine vibration 

2) Same as above 


ASSEMBLY- 3 1.1 & 6.1.1 
COMPONENT 3.1.1 2 & 6. 1.1. 2 
SHEET I of 1 


OTHER 

RECOHHEIIDATION 
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RIEA ON CRITICAL COMPONENTS 


SYSTEM 


3 0 & 6.0 


SUBSYSTEM 3.1 & 6.1 


assembly 3 1 1 fi< 6 1.1 

COMPONENT 3.1.1 3 & 6 1 1 3 


SHthI 1 of 3 


PART NAME 

FUNCTION 

FAILURE 

MECHANISM 

FAILURE EFFECT ON 
COMPONENT 

RECOIUIENDATIONS FOR 
DETECTION METHOD 

OTHER 

RECOMMENDATION 

BladC£ 

XncToase pressure o£ engine air 

1) Airfoil cracking due to 
vibrating and centrifugal 
leods 

2) Wear of attachment lugs 

3) Blade tip rub due to material 
creep or extreme engine 
condition 

1) Reduce part life because of 
possible loss of blade airfoil 
resulting in rotor unbalance 
and damage to downstream parts 

2) Reduce part life replacement 
at overhaul 

3) Blade tip and seal wear, 
possible vibration reduced 
surge margin Possible XFS 
and PER for parts replacement 

1) Engine vibration, increased 
TSFC overhaul Inspection 

2) Overhaul inspection 

3) Overhaul inspection, increased 
TSFC 

Hone 

Hlgh-Comprcesor Disks /Hubs 

Support blade seals and rim seals 
Provide spacing for rotor parts 
(integral spacers) 

Transmit driving torques to 
blades 

1) Radial growth (yield or creep) 
duo to overapeed or over- 
heating. 

2) Fatigue cracks in rim, lugs, 
bolt holes, or web duo to 
cyclic loading 

3) Galling or wear of blade 
attachment slots due to 
vibration and gas load 

1) Limited growth will result in 
blade tip or seal rubbing and 
snap growth which could result 
in rotor shift and unbalanced 
engine shutdown & PER, 

2) Crocks weaken disks and lead 
CO tensile yield or burst 
which results in severe engine 
damage and engine shutdown 

3) Reduced part life Removal 
at overhaul » 

1) Overhaul Inspection and 
engine vibration 

2) Overhaul inspection, engine 
vibration and loud noise 

3) Overhaul Inspection 

Hone 

Seals 

Limit interstage air recirculation. 

Knife edge wear or cracking due to 
rubbing, seal land distortion due 
to gas loads and thermal growth 
and surface wear due to blade rub 

Xncrcased seal clearance resulting 
in greater interstage air leakage 
and parformance loss 
Alteration of internal thrust 
balance could cause reduced life 
of thrust bearing 

Overhaul inspection and Increased 
TSFC 

None 
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RIEA OK critical COMPOKENTS 


SYSTEM 3 0 & 6 0 
SUBSYSTEM 3 1 & 6 1 


ASSEHiLY 3.1.1 & 6.1.1 
COMPONENT: 3.1.1 3 * 6.1.1.3 





FAILURE 


FAILURE EFFECT ON 


RECOMIIENOATIONS FOR 


OTHER 

PART NAME 

FUNCTION 


HECHAHISH 


COMPONENT 


DETECTION HETKOO 


RECQIWENDATION 

Klgh-Preesure Conptcssor 

Direct: engine air iron one rocer 

i> 

Cracking of vane due to 

1) 

Loss of vanes resulting in 

1) 

Increased Total Specific 

None 


Varitible VdncB 

stage to the next 


combined bending and vibrating 


loss of efficiency^ damage to 


Fuel Consumption <TSFC) , 






loads . 


downscreaa parts and probable 


engine vlbraclont overhaul 





2) 

Bending o£ blades due to gas 


engine ahutdown 


inspection 






loads or over-temporaturc 

2) 

Loss of efficiency and 

2) 

Increased TSPC» overhaul 





3) 

Wear of vane pivot due to vane 


possible restriction of vane 


inspection 






movement , 


fiovemcnt 

3) 

Ovorhaul tnspocCion 





A) 

Cracking of carbon support 

3) 

Reduced part life Loosened 

4) 

Overhaul Inspection 






bearings due to shock leadings 


fit of pivots with possible 

5) 

Overhaul Inspection 





5) 

Linkage disconnect or fracture 


vane tilt and inner shroud 








due to vibration or high load 

4) 

axial shift 
Same as above 









5) 

Free stage would open to mo^ 
+ position causing engine 
surge resulting in inflight 
shutdown 





Bearings 

Provide radtol support to rear of 

1) 

Skidding of rollers due to 

1) 

Reduced part life resulting 

1) 

Overhaul inspection, vibration. 

None 



high pressure rotor, 


low radial load. 


in replacement at overhaul 

2) 

Same as above 





2) 

Fretting or spinning of 


Possible premature failure 

3) 

Same as above 






inner race on hub due to loss 


resulting in engine shutdown 

4) 

Same as above 






of restraint 

2) 

Same as above 







3) 

Bearing veer or solsure due to 

3) 

Same aa above. 








overheating 

4) 

Same as above. 







4) 

Roller or race wear due to 
high load or rotor vibration 








o 






















PART NAME 

FUNCTION 

Bearings (cent) 

Sane as above. 


FMHA ON CRITICAL COMPONENTS 


FAILURE 

FAILURE EFFECT ON 

MECHANISM 

COMPONENT 

5) Cage wear or scporatlon. 

5) a) ContQtninatlon of oil 


resulting from wear 
b) Bearing failure results 


from soparation leading to 
radial shift of rotor with 
probable blade end vane 
contact and engine shut- 
down 


SYSTEM 3 0 £. 6.0 

ASSEMBLY 3 1 1 & 6 : 1 

SUBSYSTEM 3 1 & 6 1 

COMPONENT 3 1 1.3 & 6 1 1.3 


SHEET J_ of _3_ 

RECOHIENDATIONS FOR 

OTHER 

DETECTION METHOD 

RECOMMENDATION 


5) o) Overhaul Inapeetlun 
b) Engine vibration^ RPM 
decrease 
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FHEA ON CRITICAL COMPONENTS 
HIGH pressure turbine 

SYSTEM 3 0 & 6 0 
SUBSYSTEM 3.1 6. 6.1 

assembly 3 1 1 & 6 1 1 
COMPONENT 3 1.1 5 6. 6 1 1.5 
SHEET _1 Of 3 



FAILURE 

FAILURE EFFECT ON 

RECOMMENDATIONS FOR 

OTHER 

PART NAME 

FUNCTIOll 

MECHANISM 

COMPONENT 

DETECTION METHOD 

RECOMMENDATION 

Turbine Blades 

Transfer energy from gas atrcara 
to hlgh-prossucG disks. 

1) Cracking of airfoil or 
attachment: due to cyclic 
loading and vibration 

2) Corrosion or erosion of 
blades 

Possible blade loss resulting in 
reduced efficiency, high rotor 
unbalance, and impact damage to 
adjacent and downstream parts 
Reduced efficiency of turbine 
Blade pitting could lead to 
cracking 

Inspect at overhaul 
Measure vibration 
Inspect at overhaul 

Part replacement at overhaul. 
None 

Turbine Bisks 

Supports blades y seals and spacers, 

Transnito torque to shafe 

1) Bisk burst due to overspoed 

2) Rodial growth due to overspoed. 

3) Crack In rim» bolt holes » or 
veb duo to cyclic loading 

Severe ^nglne damage. Probable 
case penetration with possible 
Stage damage 

Limited growth will result in 
blade tip or seal rubbing 
Cracks weaken disk and lead to 
tensile yield and burst 

Severe vibration, loud noise. 
Overhaul Inspection, engine 

vibration 

Overhaul inspection 

Hone 
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SYSTEM 3 0 & 6 0 ASSEKEIY 3 1 1 $. 6 X 1 

FMEA ON CRITICAL COMPOIIENTS SUBSYSTEM 3 1 & 6 1 COMPONENT 3 X 1 5 & 6 X 1 5 

SHEET 2 of 3 


PART NAME 

FUNCTION 

FAILURE 

MECHANISM 

FAILURE EFFECT ON 
COMPONENT 

RECOMMENDATIONS FOR 
DETECTION METHOD 

OTHER 

RECOtUIENDATION 

Tvrbino Rim Spacer 

Supports labyrinth seals Limits 
disk run a^cial deflections. 

Dampen disk rim vibration 

1) Radial growth due to over* 
speed or overtemp 

2) Cracking due to cyclic 
loading 

Seal rub and wear, loss of 
efficiency due to interstage air 
recirculation 

Part replacement at overhaul. 

Increased Total Specific Fuel 
Consumption (TSFC) 

Ovorhoul inspection 
Overhaul inspection 

None 

Turbine Blade lip Seals 

Forms flow path at blade dps 

1) Ucar due to blade rubbing 

2) Distortion duo to overheating 

Air leakage past blade tips 
resulting In reduced turbine 
efficiency 

Seal damage and blade damage 
resulting In loss of turbine 
efficiency. 

Increased TSFC 
Overhaul inspection 
Same as above 
Same as above 

None 

Turbine Case 

Supports vanes and blade tip 
seals 

Cracking due to high load and 
temperature 

Possible loss of vane or seal 
support with vane deflection 
and possible rotor rub. 

Overhaul Inspection 

Part removal at overhaul 
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FMEA ON CRITICAL COMPONENTS 


SYSTEM 3 0 & 6 0 
SUBSYSTEM 3.1 6 6 I 


ASSEMBLY 3 1 1 & 6 1.1 
COMPONENT 3 I 1 5 & 6 1.1.5 
SHEET 3_ of 3_ 
























FHEA ON CRITICAL COMPONENTS 

LOU PRESSURE XURBINE 


PART NAME 

FUNCTION 

FAILURE 

MECHANISM 

Turbine Blades 

Transfer energy from gos stream 
to low pressure turbine disks 

1) Cracking of airfoil or 
attachment due to cyclic 
loading and vibration 

2) Corrosion or erosion of 
blades 

turbine Disks 

Supports blades, seals, and 

1) Disk burst due to overspeed 


spacers 

Transmits torque to shaft 

2) Radial growth due to 
overspeed 

3) Crack in rim, bolt holes, 

or web due to cyclic loading 


FAILURE EFFECT ON 
COMPONENT 


Possible blade loss resulting In 
reduced e££lclenox» low rotor 
unbalance and iTopact damage to 
adjacent and downstream parts 
Reduced efficiency of turbine 
Blade pitting could lead to 
cracking 

Severe engine damage Probable 
case penetration with possible 
stage damage » 

Limited growth will result in 
blade tip or seal rubbing 
Cracks weaken disk and lead to 
tensile yield and burst 


SYSTEM 3 0 & 6 0 ASSEMBLY 3.1 1 & 64.1 

SUBSYSTEM 3 1 & 6 1 COMPONENT 3 1 1 6 and 6 1 1 6 

SHEET 1 of 3 


RECOMMENDATIONS FOR 

OTHER 

DETECTION METHOD 

RECOMMENDATION 

Inspect at overhaul 

Part replocomont ot overhaul 

Inspect at overhaul. 

None 

Severe vibration 

Hone 

Loud noise 

None 

Overhaul inspection 

Kene 

Engine vibration. 


Overhaul inspection i 
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SYSTEM 3,0 & 6.0 ASSEMBLY 3.1.1 & 6.1.1 

FBEA ON^MITICAL CCMPOKENTS SUBSYSTEM 3.1 & 6.1 COMPONEIIT 3.1. 1.6 & 6.1.1.6 

SHEET 2 of 3 


FAILURE FAILURE EFFECT OH RECOWENDATIONS FOR 'oiHER 

function MECHANISM COMPONENT DETECTION METHOD RECOMMENDATION 


Turbine Rlu Spacoi: 

Supporcs labyrinth seals Limits 
disk run axial deflections 
Dampen disk rim vibrations , 

1) Radial growth due to overspeed 
or overtemporature 

2) Cracking due to cyclic loading 

Same ao HPT 
Same as ItPT. 

Xncrcoscd Totol Specific Fuel 
Consumption (TSFC) 

Overhoul Inspection 
Overboul Inspection « 

None 

None 

Turbine Blade Tip Seals 

Forms flow poth at blade tips 

1) Wear due to blade rubbing. 

2) Distortion due to overhcacing 

Air leakage past blade tip re- 
sulting in reduced turbine 
efficiency 

Seat and blade damage resulting 
in oil leakage past blades and 
cooling air leakage « 

Xncreosed TSFC 
Overhaul inspection 
Increased TSFC. 
Overhaul inspection. 

None 

None 

Turbine Vance 

Directs the combustion gases to tbc 
turbine blades 

1) Centering pin wear due to 
thermol grot>7th and vibration 

2) Deflection of vane platforms 
due to thermal gradients 

3) Deflection of airfoil due to 
high temperature 

4) Airfoil cracking at leading 
or trailing edge 

Fart replacement at overhaul 
Air leakage between platforms with 
reduced cooling and possible blade 
bowing 

Loss of efficiency 
Possible airfoil deflection 

Overhaul Inspection 
Increased TSFC 
Overhaul inspection 
Increased TSFC 
Overhaul inspection 

None 
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FHEA OH CRITICAL COMPONENTS 
LPT 


SYSTEM 3.0 & 6.0 
SUBSYSTEM 3.1 & 6.1 


ASSEMBLY 3.1.1 £. 6.1.1 
COHPOtlENT 3. 1.1.6 & 5. 1.1.6 
SHEET 3 Of _3_ 
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ASSEtIBLY 3 1.3, S 1 3 


SYSTEM 3 0. 6 0 COMPONENT 3 13 1 Scavenge 

FtlEA OH CRITICAL COMPONENTS SUBSYSTEM 3 1 6.1 6 13 1 Pump 

SHEET 1 of 1 


PART NAME 

FUNCTION 

FAILURE 

MECHANISM 

FAILURE EFFECT OM 
COMPOIIENT 

RECOKMENDATIONS FOR 
DETECTION riETHOO 

OTHER 

RECOMMENDATION 

Scavenge Pump 

Remove oil from gearbox compart^ 
DcnCs for return to oil tank. 

1) Compartment flooding due Co 
engine attitude » or pump 
cavitation. 

2) Gear viear due to high loading 
or mlaallgnment 

3) Pump Jamming due to eontani- 
nents. 

4) Gear Journal vear due to high 
loading. 

1) Increased oil temperature. 
Possible oil leakage reduced 
part life Possible engine 
shutdown. 

2) Reduced part life Possible 

gear failure vith pump failure 
and compartment flooding (see 
above ) » 

3) Gomparement flooding (see 
above) . 

4) Reduced pump life and effi- 
ciency replacement at overhaul. 

1) High oil temperature, low oil 
pressure and level, engine 
smoking, ground inspection. 

2) Low oil level, engine smoking, 
overhaul Inspection. 

3) See 2) above 

4) Overhaul inspection 

None 


t 
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ASSEMBLY 


3 1 3, 6 1 3 


FHEA ON CRITICAL COMPONENTS 


SYSTEM 3 0, 6 0 
SUBSYSTEM 3,1, 6.1 


COMPONENT 3«1 3 2 Oli Pressura 
6.1 3 2 Pump 

SHEET 1 of 1 


PART NAME 

FUNCTION 

FAILURE 

MECHANISM 

FAILURE EFFECT ON 
COMPONENT 

RECOMMENDATIONS FOR 
detection METHOD 

OTHER 

RECOMMENDATION 

Main Oil Pressure Pump 

Supply pcessurized oil to engine 
for lubrication and cooling* 

1) Input shaft or pump housing 
damage due to high bacKpres> 
sure, 

2) Pump jamming due to contaral* 
nents* 

3) Gear journal wear due to high 
loading* 

4) Goar Wear due to high loading 
or misalignment* 

1) Seduced lubricant flow or pos> 
siblG loss of flow resulting 
In reduced bearing and seal 
life or engine shutdown* 

2) Loss of oil pressure and flow 
resulting in engine shutdown. 

3) Ecduced oil pressure, part 
replacement 

4) Peduced part life, possible 
gear fatigue with pump failure 
and engine shutdown. 

1) Low oil pressure. 

2 ) Low oil pressure 

3) Low oil pressure. 

4) Loss of oil pressure* 

None 
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FHEA ON CRITICAL COMPONENTS 


SYSTEM 6.0 
SUBSYSTEM 6 2 


COHPONEHT 6.2 2 1 Pump 
SHEET 1 Of 


PART NAME 

FUHCTIOH 

FAILURE 

MECHANISM 

FAILURE EFFECT ON 
COMPONENT 

RECOMMENDATIONS FOR 
DETECTION METHOD 

OTHER 

RECOMMENDATION 

Ha In Housing 

Contains propellant and« 

through proper sizing, controls 
suction and discharge propellant 
velocity. 

1) Inlet pitting caused by cavi- 
tation and/or particle in- 
jestion 

2) Outlet pitting caused by cavi- 
tation and/or particle In- 
Jeetion 

3) Overpressure caused by ex- 
cess suction pressure 

1) Change in pump efficiency 

2) Change In pump efficiency. 

3) Change In Impellei tip 
clearance and loss of pump 
efficiency 

1) Evaluation of head vise 
across pump 

2) Evaluation of head rise 
across pump 

3) Evaluation of head rise 
across pump 

Evaluation can be accomplished 
with computation of head rise 
and suction specific speed based 
on the following measurements: 

a) Pump speed, 

b) Suction pressure, 

c) Discharge pressure 

Seals 

Prevent leakage between liopeller 
sha£t and housing 

1) Vear caused by time In opera- 
tion 

2) Overpressure caused by ex- 
cess suction pressure 

3) Fatigue caused by impeller 
unbalance. 

1) External leakage causing 
change in losa of discharge 
pressure 

2) External leakage causing loss 
in discharge pressure. 

3) External leakage causing loss 
In discharge preosure 

1) Limit usage based on time 
sensitivity 

2) Measure discharge pressure 

3) Measure discharge pressure 
and vibration level 

None 

Impellai; 

Tran&talta LH^ propellant at a 
epeclflad Inlec pressure to a 
higher pressure at the pump out- 
let. 

Blade damage caused by pitting 
from particle ingestion and/or 
local cavitation. 

Change in pump efficiency and in- 
crease in vibration level. 

Evaluation of head rise across 
the pump> and measure vibration 
level 

None 


























FHEA ON CRITICAL COMPONENTS 


SYSTEM 6.0 
SUBSYSTEM 6 2 


ASSEMBLY 622 

COMPONENT 6 2 2 3 Ilitblne 
SHEET 1 Of 1 


PART NAME 

FUNCTION 

FAILURE 

MECHANISM 

FAILURE EFFECT ON 
COMPONENT 

RECOMMENDATIONS FOR 
DETECTION METHOD 

OTHER 

RECOlUIENDATION 

Rotor Blades 

Transmits energy from gas stream 
to disks 

1) Cracking due to cyclic load- 
ing and vibration. 

2) Corrosion or erosion of 
blades • 

1) Blade loss resulting In re- 
duced efficiency. 

2) Fitting which could lead to 
cracking. 

Periodic visual Inspection and 
vibration monitoring. 

None 

Disks 

Support blades seals and spacers 
and transmits torque to shafts 

1) Disk burst due to overspeed 

2) Creep due to overspeed. 

3) Cracks due to cyclic load- 
ing 

1) Frobablo case penetration. 

2) Seal rubbing and shaft un- 
balance. 

3) Tensile yield and disk rup- 
ture 

1) Measure turbine speed 

2) Measure vibration level 

3) Measure turbine speed. 

Hone 

Shaft 

Transtnits torque pump Impeller 
rotation! 

1) Deflection due to load 

2) Cracking due to vibration. 

1) Seal rubbing and rotor un- 
balance 

2) Reduced life 

1) Measure vibration. 

2) Measure turbine speed 

Hone 

Seals 

Form flow path at blade tips 

1) Vfcar due to rubbing 

2) Distortion due to thermal 
gradients 

1) toss of efficiency due Co 
leakage. 

2) Reduced efficiency. 

1) Measure turbine speed 

2) Measure turbine speed 

Hone 

Turbine Case 

Support vanes and blade tip seals. 
Support turbine exhaust case 

Cracking due to load and tempera- 
ture. 

Possible loss of vane or seal 
support. 

Measure turbine speed 

Hone 

Vanes 

Direct Combustion products to 
rotor blades. 

1) Bowing due to temperature 

2) Cracking due to thermal 
gradients 

3) Erosion due to hot gas im- 
pingement 

4) Cracking duo Co cyclic loading 

1) Flow distortion and reduced 
efficiency. 

2) Reduced pact life 

3) Reduced part life. 

4) Possible blade vane cubbing 

Measure turbine speed 

Hone 


B-210 











































APPENDIX C - LRU MAINTENANCE PROCEDURES 



C-1 


MAINTENANCE PROCEDURES 
FOR THE LINE REPLACEABLE UNITS 


This appendix is comprised of the summary maintenance procedures 
that were developed for the propulsion systems' Line Replaceable 
Units (LRUs) . These procedures were prepared in the course of 
deriving the checkout functions to be performed as a part of LRU 
removal, replacement and retest. 

The maintenance procedures for the booster and orbiter main 
propulsion systems are presented first. The auxiliary propulsion 
LRU maintenance procedures start on page C-57, and the airbreathing 
LRUs start on Page C-99. 



MAINTENANCE PROCEDURE 


LRU (T) LQ^ Tank Vent Package 
LRU (Q) LH^ Tank Vent Package 


SYSTEM - Booster and Orbiter Main Propulsion 
SUBSYSTEM - Propellant ^^anagement 
ASSEMBLY - Tank Vent 
COMPONENT - N/A 
TASK TIME - 1 hour 

SPECIAL CONSIDERATIONS - Vent Subsystem to Ambient Pressure 


PROCEDURE 

1. REMOVAL 

a. Remove access panels to forward region. 

b> Install contamination protection equipment around valve. 

c. Install valve removal equipment, 

d. Disconnect electrical cables; sensors, valve flange retaining 
bolts to vent Ixne; valve flange bolts to LOX and LH 2 tank. 

e. Remove valve, and all seals. 

f» Take swab samples per contamination procedure, 
g, Cap all line openings and valve openings. 

2 . REPLACEMENT 

a. Remove all protective caps. 

b. Take swab samples. 

c. Install valve seals; valves and bolt-up both ducts. 

d. Connect electrical cables and sensors. 

e. Remove all GSE, 

f. Install safety wire and perform visual inspection of area, 

3. RETEST 

a. Perform electrical checks. 

b. Perform valve leak check, 

c. Perform valve functional check through main system computer, 

d. Checkout of sensors. 
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MAINTENANCE PROCEDURE 
LRU LO„ Tank Isolation Valve 

LRU LH^ Tank Isolation ?alve 

SYSTEM — Booster and Orbiter Main Propulsion 
SUBSYSTEM - Main Propellant Management 
ASSEMBLY - Distribution and Feed 
COMPONENT - 1.2, 2, 2 and 1.2.7, 2 
TASK TIME — 3 hours 

SPECIAL CONSIDERATIONS - Insure system is purged and vent to ambient, 
PROCEDURE 

1, REMOVAL 

a. Remove s doors, 

b. Install contamination protection equipment around valve, 

c. Install valve removal GSE and duct supporting fixture, 

d. Disconnect electrical cables » sensors , valve flange 
retaining bolts to LOX engine distribution duct; valve 
flange bolts to tank sump, 

e. Remove -valve and all seals, 

f. Take swap samples. 

g. Cap duct opening and sump opening, 

2, REPLACEMENT 

a. Remove all protective caps, 

b. Take swap samples, 

c. Install valve seals; valve and secure both flange ends, 

d. Connect electrical cables and sensors, 

e. Remove all GSE, 

f . Install safety wire and perform visual inspection, 

3, RETEST 

a. Perform electrical cHeckout, 

b. Perform valve leak check, 

c. Perform valve functional checkout . through main system 
computer, 

d. Checkout of all sensors, 

e. Checkout of built-in relief valve. 
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MAINTENANCE PROCEDURE 
LRU (T) LO^ Prevalve 


SYSTEM - Booster Main Propulsion 

SUBSYSTEM - Main Propellant Management 
ASSEMBLY - Oxidizer Feed 
COMPONENT - 1.2. 1.2 
TASK TIME — 2 hours 

SPECIAL CONSIDERATIONS — Insure system is purged and vented ■ 

PROCEDURE 

1. REMOVAL 

a. Remove access panels to rear base region, 

b. Install contamination protection equipment around valve. 

c. Install valve removal equipment, 

d. Disconnect electrical cables; sensors; valve flange 
retaining bolts to engine suction duct; valve flange 
bolts to oxidizer feed ducting, 

e. Remove valve, and all seals, 

f. Take swab samples per contamination procedure, 

g. Cap all duct openings. 

2. REPLACEMENT— 

a. Remove all protective caps, 

b. Take swab samples, 

c. Install valve seals; valves and bolt-up both ducts. 

d. Connect electrical cables and sensors, 
e« Removal all GSE. 

f. Install safety wire and perform visual inspection of area, 

3. RETEST 

a. Perform electrical checks. 

b. Perform valve leak check. 

c. Perform valve functional check through main system computer. 
d» Checkout of sensors. 



MAINTENANCE PROCEDURE 


LRU (?) , Booster /Orbiter LH^ Fill Valve ' 

LRU @ t (3) Booster /Or biter LO^ Fill Valve 


SYSTEM - Booster and Orbiter Propulsion 
SUBSYSTEM - Main Propellant Management 
ASSEMBLY - Fill and Drain 
COMPONENT - N/A 
TASK TIME - 1 hour 

SPECIMj__CONSIDERATION^ — Insure valve Is purged. 

PROCEDURE 

1. REMOVAL 

a* Remove access panels to lower aft region, 

b. Install contamination protection equipment around valve. 

c. Install valve removal equipment, 

d. Disconnect electrical cables; sensors; valve flange 
retaining bolts to fill and drain lines, 

e. Remove valve, and all seals. 

f. Take swab samples per contamination procedure, 
g» Cap all line openings and valve openings. 

2. REPLACEMENT 

a. Remove all protective caps, 

b. Take swab samples, 

c. Install valve seals;' valves and bolt-up both ducts, 

d. Connect electrical cables and sensors, 

e. Remove all GSE, 

f. Install safety wire and perform visual inspection of area 

3. RETEST 

a. Perform electrical checks. 

b. Perform valve leak check. 

c. Perform valve function check through main system computer 

d. Checkout of sensors. 
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MAINTENANCE PROCEDURE 

LRU (i) , @ Booster/Or-biter Fuel Autogenous Line Filter 
LRU ( 7 ) . Booster/Orbiter Oxidizier' Autogenous Line Filter 

SYSTEM - Booster and Orbiter Main. Propulsion 
SUBSYSTEM - Main Pressurization 

ASSEMBLY - Autogenous Pressurization 
COMPONENT - 1.3. 1.4 and 1.3. 1.8 
TASK TIME - ,5 hour 

SPECIAL CONSIDERATIONS - Insure system is vented to ambient. 
PROCEOURE 

1. REMOVAL 

a. Remove flange bolts, seals, 
b * Remove f ilter . 

2 . REPLACEMENT 

a. Clean flange ends. 

b. ' Insert new filter, seals, 

c. Bolt up flange fittings and install safety wire. 

3. RETEST 


a. Leak check 
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MAINTENANCE PROCEDURE 

LRU Booster/Orbiter Fuel Pressurant Control Valve Package 

LRU r?) . Booster /Orbiter Oxidizer Pressurant Control Valve Package 


SYSTEM - Booster and Orbiter Main Propulsion 
SUBSYSTEM - Main Pressurization 

ASSEMBLY - Autogenous Pressurization 
COMPONENT - 1.3. 1.3 and 1.3, 1.7 
TASK TIME - 2 hours 

SPECIAL CONSIDERATIONS - Insure system has been vented to ambient, 
PROCEDURE 

1. REMOVAL 

a. Remove access doors, 

b. Install contamination equipment, 

c . Remove electrical wiring and sensors . 

d. Cut brazed sleeves at notched sections. 

e. Remove welded assembly and clean, 

2. REPLACEMENT 

a. Install welded assembly and perform brazing operation, 

b. Connect electrical wiring and sensors, 

c. Remove contamination protection GSE, 

3 . RETEST 

a. Perform leak test, 

b. Perform electrical test, 

c» Operate valve with system pressurized with helium. 
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MAINTENANCE PROCEDURE 

LRU . @ Booster/Orblter Oxidizer Pressurant Control Orifice 

LRU (ij) a Booster /Orbiter Fuel Pressurant Control Orifice 


SYSTEM - Booster /Orbiter Main Propulsion 
SUBSYSTEM - Main Pressurization 

ASSEMBLY •“ Autogenous Pressurization 
COMPONENT -- 1,3. 1,2 and 1,3, 1.6 
TASK TIME - ,5 hour 

SPECIAL CONSIDERATIONS - Insure system is vented to ambient, 
PROCEDURE 

1. REMOVAL 

a. Remove access panels. 

b. Remove lock-wire, flange bolts, and seals. 

c. Remove orifice. 

2. REPLACEMENT 

a. Clean flange ends. 

b. Insert new orifice, record serial number, 

c. Insert new seals, 

d. Bolt up flange ends and install lock wire. 

3. RETEST 

a. Leak check around flange. 
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MAINTENANCE PROCEDURE 
LRU (O) Booster Fuel Fill Line Coupling 
LRU Orbiter Fuel Fill Coupling 

LRU @ Orbiter Oxidizer Fill Coupling 


SYSTEM - Booster and Orbiter Main Propulsion 
SUBSYSTEM - Propellant Management 
ASSEMBLY - Fuel Fill and Drain 
COMPONENT - 1.2. 9. 2 
TASK TIME “ 1 hour 


PROCEDURE 

1. REMOVAL 

PRECAUTION - Vent subsystem to ambient pressure. 

a. Remove bolts from flanges, 

b. Remove sealing devices, 

c. Remove structural mounts, 

d. Remove coupling half, 

2. REPLACEMENT 

a. Install sealing devices after cleaning sealing surfaces, 

b. Make structural attachments, 

c. Install bolts and torque per specified value* and sequence, 

d. Perform retest procedure specified below, 

e. Return system to secured state, 

3. RETEST 

a. Leak test bolted flange connection by: 

1) Attaching GSE to newly installed coupling, 

2) Close tank vent valves, 

3) Pressurize through GSE with 20 psia helium, 

4) Bubble test flanges for leaks. 
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MAINTENANCE PROCEDURE 
LRU Fuel Tank Vent Coupling 


SYSTEM ~ Booster and Orbiter Main Propulsion 
SUBSYSTEM - Propellant Management 
ASSEMBLY -> Fuel Vent Assembly 
COMPONENT - N/A 
TASK TIME - 1 hour 
PROCEDURE 

1. REMOVAL 

PRECAUTION - Vent subsystem to ambient pressure* 

a. Remove bolts from flanges, 

b. Remove sealing devices, 

c. Remove structural mounts. 

d. Remove coupling half, 

2, REPLACEMENT 

a. Install sealing devices after cleaning sealing surfaces, 

b. Make structural attachments. 

c» Install” bolts and torque per specified value and sequence, 

d. Perform retest procedure specified below, 

e. Return system to secured state, 

3,, RETEST 

a. Leak test bolted flange connection by: 

1) Attaching GSE to newly installed coupling, 

2) Close tank vent valves, 

3) Pressurize through GSE with 20 psia He, 

4) Bubble test flanges for leaks. 
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MAIHTEHAHCE PROCEDURE 



SYSTEM - Booster and Orbiter Main Propulsion 
SUBSYSTEM - Pressurization 

ASSEMBLY - Helium Pressurization 
COMPONENT - N/A 
TASK TIME - 1 hour 
PROCEDURE 

1, REMOVAL 

PRECAUTION ~ Vent subsystem to ambient pressure 

a. Remove bolts' from flanges. 

b. Remove sealing devices. 

c. Remove structural mounts. 

d. Remove coupling half. 

2, REPLACEMENT 

a. Install sealing devices after cleaning sealing surfaces. 

b. Make structural attachments. 

c. Install bolts and torque per specified value and sequencer 

d. Perform retest procedure specified below, 

e. Return system to secured state. 

3, RETEST 

a. Leak test bolted flange connection by; 

1) Attaching GSE to newly installed coupling, 

2) Close tank fill valves, 

3) Pressurize through GSE with 20 psia He, 

4) Bubble test flanges for leaks. 
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MAINTENANCE PROCEDURE 

LRU « (l^ Booster/Orbiter LO„ Recirculation Coupling 

LRU (l^ Orbiter LH„ Recirculation Coupling 


SYSTEM - Booster and Orbiter Main Propulsion 
SUBSYSTEM - Propellant Management 
ASSEMBLY - Geyser Suppression 
COMPONENT - N/A 
TASK TIME - 1 hour 


PROCEDURE 

1. REMOVAL 

PRECAUTION ■“ Vent subsystem to ambient pressure 

a. Remove bolts from flanges, 

b. Remove sealing devices. 

c. Remove structural mounts, 

d. Remove coupling half, 

2 . REPLACEMENT 

a. Install sealing devices after cleaning sealing surfaces. 

b. Make structural attachments, 

c. Install bolts and torque per specified value and sequence, 

d. Perform retest procedure specified below, 

e. Return system to secured state, 

3. RETEST 

a. Leak test bolted flange connection by: 

1) Attaching GSE to newly installed coupling, 

2) Close tank valves, 

3) Pressurize through GSE with 20 psia He, 

4) Bubble test flanges for leaks. 
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MA.INTENANCE PROCEDUEIE 


LRU @ LO„ Fill Coupling 


SYSTEM - Booster Main Propulsion 
SUBSYSTEM ~ Propellant Management 
ASSEMBLY - Oxidizer Fill and Drain 
COMPONENT - N/A 
TASK TIME - 1 hour 


PROCEDURE 

1, REMOVAL 

PRECAUTION - Vent subsystem to ambient pressure. 

a. Remove bolts from flanges. 

b. Remove sealing devices. 

c. Remove structural mounts, 
di Remove coupling half. 

2, REPLACEMENT 

a. Install sealing devices after cleaning sealing surfaces, 
b* Make structural attachments. 

c. Install bolts and torque per specified value and sequence. 

d. Perform retest procedure specified below. 

e. Return system to secured state, 

3, RETEST 

a. Leak test bolted flange connection by 

1) Attaching GSE to newly installed coupling, 

2) Close tank valves, 

3) Pressurize through GSE with 20 psia He, 

4) Bubble test flanges for leaks. 
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MAINTENANCE PROCEDURE 
LRU @) Main Booster Engine 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engines 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 8 hours 

SPECIAL CONSIDERATIONS ; Engine GSE is required for this procedure. 
PROCEDURE 

1. REMOVAL 

a. Install contamination protection equipment, 

b. Disconnect four (4) data cables, 3 power cables; GH_ 
purge line, 

c. Attach engine handling fixture, gimbal support fixture, 

d. Disconnect propellant lines (48 ea—S/S" bolts) ; 2 gimbal 
pads; GH2, GOX tank pressurization lines; recirculation lines, 

e. Remove engine, using handling fixture; flange seals. 

f. Take swab samples of LOX/GOX lines, 

g. Install closures on lines and electrical connectors. 


2, REPLACEMENT 

a. Move engine into position, 

b. Remove suction line covers. Move engine into position, 
install seals, then mate engine to vehicle suction lines, 

. install all bolts, torque, safety wire, 

c. Remove covers from tank pressurization lines - install seals, 
mate, bolt, safety wire. 

d« Remove covers from all other lines, repeat c, 

e. Connect gimbal pads; remove support fixture, 

f. Remove engine handling gear, contamination protection. 

Connect all electrical cables, 

3. RETEST 

a. Leak check, 50 psi GH^, interface joints only, 

b. Perform electrical power, and system electrical verification 
checks . 

1) Gimbal power, 

2) Controller functions, 

3) Valve functional via controller. 

c. Perform gimbal actuator alignment with optical test equipment. 
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MINTENANCE PROCEDURE 
LRU On-Qrbit LO^ Vent Package 

LRU ( 3 ) On-Orbit LH„ Vent Package 


SYSTEM - Orbiter Main Propulsion 
SUBSYSTEM - On-Orbit Propellant 

ASSEMBLY - Oxidizer Tank Vent, Fuel Tank Vent 
COMPONENT - N/A 
TASK TIME - 1 hour 

SPECIAL CONSIDERATIONS - Vent subsystem to ambient pressure 

PROCEDURE 

1. REMOVAL 

a. Remove electrical connections and secure wiring, 

b. Cut brazed sleeves at notched section with cutting tool. 

c. Remove welded assembly and clean remainder of sleeve from 
mating line, 

2. REPLACEt-DENT 

a. Install welded assembly and perform brazing operation on 
sleeves. 

b. Connect electrical wiring, 

c. Perform retest described below. 

d. Return system to secured state, 

3. RETEST 

a. Leak Test - Pressurize tank with 20 psia He, Monitor tank 
pressure for decay, (This leak tests the upstream sleeve 

on the replaced LRU package) , Install GSE to vent and close 
vent valve. Open all valves on the replaced package and 
monitor tank pressure for decay, (This leak tests the down- 
stream sleeve on the replaced LRU package. 

b. Electrical - During leak test verify valve positions and 
continuity . 
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MAINTENANCE PROCEDITRE 

LRU (T) On-Orbit Fuel Tank Pressurant Filters 
LRU C?) On-Orbit LO^ Tank Pressurant Filters 


SYSTEM - Orblter Main Propulsion 

SUBSYSTEM - On-Orbit Pressurization 

ASSEMBLY - Fuel Tank Pressurization, Oxidizer Tank Pressurization 
COMPONENT - N/A 
TASK TIME - 1/2 hour 

SPECIAL CONSIDERATIONS - Vent subsystem to ambient pressure, 
PROCEDURE - 

1. REMOVAL 

a. Remove flange bolts, seal, 

b. Remove filter, 

2. REPLACEMENT 

a. Clean flange ends, 

b. Install new filters and seals. 

c. Make bolted flange connections. 

3. RETEST 

a. Leak Test 

1) Attach GSE to vent coupling, 

2) Open vent valves, 

3) Pressurize tanks with 20 psia He. 

4) Leak check filter connections, 

5) Vent and secure subsystem. 
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MAINTENANCE PROCEDURE 

LRU (?) On-Orbit Fuel Tank Pressurant Control Regulator Package 
LRU @ On-Orbit LO^ Tank Pressurant Control Regulator Package 


SYSTEM - Orbiter Main Propulsion 
SUBSYSTEM — On— Orbit Pressurization 

ASSEMBLY - Fuel Tank Pressurization, Oxidizer Tank Pressurization 
COMPONENT - N/A 
TASK TIME - 1 hour 

SPECIAL_^ONSIDE^TION^ — Vent associated subsystems to ambient pressure, 

PROCEDURE 

1. REMOVAL 

a. Remove electrical connections and secure wiring, 

b. Cut brazed sleeves at notched section with cutting tool, 

c. Remove welded assembly and clean remainder of sleeve from 
mating lines. 

2. REPLACEMENT 

a. Install welded assembly and perform brazing operation on 
sleeves , 

b, Connect electrical wiring, 

c. Perform Retest described below, 

d, Return system to secured state, 

3. RETEST 

a. Leak Test - Load 1500 psia GH 2 into APS bottles. Open tank 
vent valves. Open solenoid valve for the regulator package 
which was just installed. Perform bubble leak test on regulator 
connections. 

b. Electrical - Perform continuity check. 

c. Functional - Close solenoid valve for the regulator package 
which was not replaced. Open solenoid valve for newly installed 
regulator package. Close tank vents. With 1500 psia in APS 
bottles verify tank pressure level within specified limits. 


5 ® 
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MAINTENANCE PROCEDUSE 

LRU Fuel Tank Pressurant Shutoff Valve 
LRU (X^ Oxidizer Tank Pressurant Shutoff Valve 


SYSTEM - Orbiter Main Propulsion 

SUBSYSTEM - On-Orbit Pressurization 

ASSEMBLY - Fuel Tank Pressurization, Oxidizer Tank Pressurization 
COMPONENT - N/A 
TASK TIME - 1 hour 

SPECIAL CONSIDERATIONS - Vent associated subsystems to ambient pressure, 
PROCEDURE 

1. REMOVAL 

a. Remove electrical connections and secure wiring, 
fa. Cut brazed sleeves at notched section with cutting tool, 
c. Remove welded assembly and clean remainder of sleeve from 
mating lines . 

2. REPLACEMENT 

a. Install welded assembly and perform brazing operation 
on sleeves, 

fa. Connection electrical wiring, 

c, Perfoirm Retest described below. 

d. Return system to secured state. 

3. RETEST 

a, Leak Test - Load 1500 psia' GH 2 into APS bottles. Open tank 
vent valves. Open newly installed solenoid valves. Monitor 
tank for pressure decay, 

b. Electrical - During leak test verify valve positions and 
continuity. 
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MAINTENANCE PROCEDURE 
LRU @ Main Orb iter Engine 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 9 hours 

SPECIAL CONSIDERATIONS — Engine GSE is required for this procedure. 

The removal, replaceijient, and checkout of some 
components on the orbiter engine will require 
extension of the nozzle to full aft position, 
and the use of a nozzle protective and support 
fixture. This will, in general, add approximately 
one half hour to the corresponding booster time. 


PROCEDURE 


This procedure will be exactly like' that of the booster engine 
except for special precautions that must be taken with the 
extendible nozzle. 
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LRUs MAIN ENGINE SUBSYSTEM 


This section of Appendix C presents the maintenance procedures 
for the Main Engine Subsystem, Many of these LRUs are shown in the 
exploded view of the main engine in Figure C-1, 
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MAIMTENANCE PROCEDURE 
LRU (D Low Pressure Turbo pump 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Engine Power 

COMPONENT - Low Pressure Fuel Turbopump 
TASK TIME - 8 hours 
PROCEDURE 

1. REMOVAL 

a. Install contamination protection equipment. 

b. Disconnect hydraulic lines, cap. 

c. Remove sensors, cap lines and connectors. 

d. Connect handling equipment to L.P.T.P.A. 

e. Remove turbine drivelines; L.P. discharge line; seals, 
cap lines, and exposed joints. 

f. Disconnect suction line to L.P.T.P.A. (24 ea. - 3/8" bolts). 

g. Remove TPS support brackets. 

h. Move L.P.T.P.A. aft to clear suction spool. 

j. Disconnect upper suction spool (24 ea. - 3/8" bolts). 

Remove spool. 

k. Remove L.P.T.P.A. forward and out; seals, cap lines. 

2. REPLACEMENT^ " 

a. Move L.P.T.P.A. into position - aft of normal. 

b. Remove cap and install seal L.P. suction line. 

c. Install L.P. suction spool; seal to L.P.T.P.A. 

e. Connect L.P.T.P.A. support bracket. 

f. Install L.P.T.P.A. turbine driveline; L.P.T.P.A. dis- 
charge line including seals. Remove handling equipment. 

g. Connect hydraulic lines. 

h. Install sensors. Mate connectors. 

I 

3. RETEST 

a. Leak check, 50 psig GHe. 

b. Sensors elect, ok via controller. 
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MAINTEMNCE PROCEDURE 
LRU (?) High Pressure Turbopump 


SYSTEM - Maxn Propulsion 
SUBSYSTEM ~ Main Engine 

ASSEMBLY - Engine Power 

COMPONENT - High Pressure Fuel Turbopump 
TASK TIME - 8 hours 

PROCEDURE 

1. REMOVAL 

a. Install contamination protection equipment. 

b. Remove sensors; L.P.T.P.A. discharge lines; seals^ 
cap lines and connectors. 

c. Disconnect L.P.T.P.A. turbine driveline; LH^ recirc. 
line; main fuel valve; cooling lines; purge lines. 

d. Install tooling on H.P.T.P.A. discharge line to clear 
joing to fuel valve. 

e. Remove H.P.T.P.A.; seals, cap openings. 

2. REPLACEMENT 

a. Remove protective caps. 

b. Install seals; H.P.T.P.A. release discharge line and 
connect to H.P.T.P.A. (or valve). 

c. Install seals; L.P.T.P.A. discharge line. 

d. Connect L.P.T.P.A. turbine driveline; LH^ recirculation 
line (after installing new seals); H^ cooling; purge 
Ixnes . 

e. Remove handling equipment. 

f. Install sensors; connect cables. 

3. RETEST 

a. Leak check GH , interface seals (includes sensors) . 

b. Sensors check? VIA controller, at combined systems 
test . 
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■ MAINTENANCE PROCEDURE 
LRU ( 3 !) Low Pressure Turbopump 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Engine Power 

COMPONENT - Low Pressure Oxidizer Turbopump 
TASK TIME - 8 hours 
PROCEDURE 

1. REMOVAL 

a. Install contamination protection equipment. 

b. Remove sensors, cap lines, connectors. 

c. Connect handling equipment to TPA. 

d. Remove turbine driveline; L.P. discharge line; seals, 
cap lines, and exposed joints. 

e. Disconnect suction line to L.P.T.P.A. (24 - 3/8" bolts). 

f. Remove TPA support brackets; L.P. OPTA; seals. 

g. Take swab sample. 

h. Install closure on suction spool. 

2. REPLACEMENT 

a. Move L.P.O.T.A. into position with handling equipment 

b. Remove suction line closure. 

c. Install seal on suction line; L. P. O.T. P.A. ; seals; 
turbine drive line; L.P.O.T.P.A. discharge line; 

O.T. P.A. support brackets. 

d. Remove handling equipment. 

e. Install sensors; connect cables, safety wire. 

3. RETEST 

a. Leak check GH , 50 psig. 

b. Sensors: VIA controller at combined systems test. 
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MAIHTENMCE PROCEDURE 


LRU ( 4 } High Pressure Turbopump 


SYSTEM Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Engine Power 

COMPOMEMT - High. Pressure Oxidizer Turbopump 
TASK TIME - 8 hours 

PROCEDURE 

1. REMOVAL 

a. Install contamination protection equipment. 

b. Remove sensors; disconnect cables; cap lines and 
.connectors . 

c. Remove L.P.O.T.P.A. discharge line; line to preburner 
shutoff valve; discharge line to main TCA valve; seals 

coolant lines. Install closures. 

d. Attach handling equipment. 

e. Remove H.P.O.T.P.A. (36 - 1/2" bolts); seals. Install 
closure. 

2. REPLACEMENT 

a. Remove closure. 

b. Install seal; H.P.O.T.P.A., fasten to hot gas manifold 
(36 - 1/2" bolts) . 

c. Remove handling equipment. 

d. Install seals; discharge line; line to preburner; 
L.P.O.T.P.A. discharge line; H^ coolant lines. 

e. Install sensors. Connect cables, safety wire. 

3. RETEST 

a. Leak check: GH , 50 psig. 

b. Sensors; VIA controller at combined systems test. 
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MAINTENANCE PROCEDURE 
LRU Ci} Fuel Preburner 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Engine Power 

C OMPONENT - Fuel Preburner 
TASK TIME - 2.5 hours 
PROCEDURE 

1. REMOVAL 

a. Install contamination protection equipment. 

b. Remove sensors. Cap lines and connectors. 

c. Disconnect LOX inlet line; fuel inlet line, 
igniter lines; spark cable; igniter valve electrical 
line; oxygen valve control cable. 

d. Attach handling equipment. 

e. Remove preburner (36 bolts); seals. Cap all lines. 

2. REPLACEMENT 

a. Move preburner into place, using handling equipment. 

b. Remove caps, closures. 

c. Install seals; preburner to hot gas manifold (36 bolts). 

• d. Remove handling equipment. 

e. Connect LOX inlet line; fuel inlet line; igniter lines; 
electrical cables. 

f. Install sensors. Connect cables. Safety wire. 

3. RETEST 

a. Leak check: 50 psig GH 

b. Electrical: Perform igniter, valve, and sensor electrical 

checks VIA controller at combined systems test. 
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MAINTENANCE PROCEDURE 



Oxidizer Preburner 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Engine Power 

COMPONENT - Oxidizer Preburner 
TASK TIME - 3 hours 


PROCEDURE 

1. REMOVAL 

a. Install contamination protection equipment, 

b. Remove sensors. Cap lines and connectors. 

c. Disconnect preburner oxidizer shutoff valve; fuel inlet 
line; igniter lines; oxidizer line to fuel preburner; 
igniter valve electrical line; control cables to LOX 
and LH^ control valves. 

d. Attach handling equipment. 

e. Remove preburner (36 bolts); seals. Cap all lines. 

2. REPLACEMENT 

a. Move preburner into place, using handling equipment. 

b. Remove caps, closures. 

c. Install seals; preburner to hot gas manifold (36 bolts). 

d. Remove handling equipment. 

e. Connect preburner oxidizer shutoff valve; fuel inlet 
line; igniter lines; oxidizer line to fuel preburner; 
Igniter valve electrical line; control cables to LOX 
and LH control valves. 

f. Install sensors. Connect cables. Install safety wires. 

3. RETEST 

a. Leak check: 50 psig GH 

b. Electrical; Spark, control valves igniter valves, sensors 
at combined systems test. 
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MAINTENANCE PROCEDURE 
LRU Main Valve 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 

ASSEMBLY - Engine Power 

COMPONENT - Fuel Main Valve 
TASK TIME ' 4 hours 

PROCEDURE 

1. REMOVAL 

a. Disconnect electrical cables; sensors; valve body 
retaining bolts from pump discharge and orifice housings; 
regenerate nozzle cooling line; chamber coolant line; 
nozzle coolant outlet line; fuel line to fuel preburner. 

b. Remove fuel line assembly (all lines itemized above); 
valve; seals. 

c. Cap all lines, openings. 

2. REPLACEMENT 

a. Remove caps. 

b. Install seals; valve; fuel line assembly. 

c. Connect electrical cables; sensors. Install safety wire. 

3. RETEST 

a. Leak check: Upstream of valve - 50 psig GH . Downstream 

of valve - TBD. 

b. Valve functional: VIA controller at combined systems test. 

c. Sensors: VIA controller at combined systems test. 
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MA-INTENAIKE PROCEDURE 
LRU Main Valve 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Engine Power 

COMPONENT - OxiSizer Main Valve 
TASK TIME - 3 hours 
PROCEDURE 

1. REMOVAL 

a. Install contamination protection equipment. 

b. Disconnect electrical cables; sensors; valve body 
retaining bolts to pump discharge line; oxidizer 
turbine driveline from discharge line. 

c. Remove pump discharge line to valve; valve; seals. 
Take swab samples. 

d. Cap all lines and openings; electrical connectors. 

2. REPLACEMENT 

a. Remove protective caps. 

b. Install seals; valve; pump discharge line. 

c. Connect oxidizer turbine driveline; electrical cables; 
sensors. Install safety wire. 


3. RETEST 


a. Leak check upstream of valve - 50 psig GH . Downstream-TBD. 

b. Valve functional VIA controller at combinld systems test. 

c. Sensors VIA controller at combined systems test. 



C-30 


MAINTENAKCE PROCEDURE 
LRU (?) Fuel Control Valve 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Engine Power 

COMPONENT - Fuel control valve, oxidizer preburner 
TASK TIME - 1 hour 
PROCEDURE 

1. REMOVAL 

a. Disconnect electrical cables; fuel line to valve. 

b. Remove valve; seals. 

2. REPLACEMENT 

a. Install seals, valve. 

b. Connect fuel line; electrical cables. 

3. RETEST 

a. Leak check upstream of valve - 50 psig GH . 

Downstream of valve - TBD. 

b. Valve functional VIA controller at combined systems test. 
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MAINTENANCE PROCEDURE 
LRU Oxidizer Control Valve 


' SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Engine Power 

COMPONENT - Oxidizer Control Valve, Oxidizer Preburner 
TASK TIME ~ 1 hour 
PROCEDURE 

1. REMOVAL 

a. Disconnect electrical cables; valve body from oxidizer 
distribution line downstream of shutoff valve; valve 
body from preburner. 

b. Remove valve; seals. 

c. Take swab sample. 

d. Cap lines; openings. 

2. REPLACEMENT 

a. Remove caps. 

b. Install seals; valve. 

c. Connect electrical cables. 

d. Install safety wires. 

3. RETEST 

a. Leak check upstream of valve - 50 psig GH . Downstream 

of valve - TBD. ® 

b. Valve functional VIA controller at combined systems test. 
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MAINTENANCE 'PROCEDURE 
LRU (j^ Oxidizer Control Valve 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Engine power 

C QMPONENT - Oxidizer Control Valve, Fuel Preburner 
TASK TIME - 1 hour 
PROCEDURE 

1. REMOVAL 

a. Disconnect electrical cables; oxidizer line to valve body. 

b. Remove valve; seals. 

c. Take swab sample. 

d. Install caps. 

2. REPLACEMENT 

a. Remove caps. 

b. Install seals; valve. 

c. Connect oxidizer line. 

d. Connect electrical cables. 

( 

3. RETEST 

a. Leak check upstream of valve - 50 psig GH . Downstream 

of valve - TBD. ^ 

b. Valve functional VIA controller at combined systems test. 
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MA.IHTEMKCE PROCEDURE 
LRU Propellant Lines 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Engine Power 

f 

C OMPONENT - Interconnect Articulating Lines, Consisting of: 


(1) L.P.E.T.P.A. Discharge Line 97 lb 

(2) L.P.O.T.P.A, Discharge Line 66 lb 

(3) L.P.E.T.P.A. Turbine Drive Line 10 lb 

(4) L.P.O.T.P.A, Turbine Drive Line 10 lb 


TASK TIME - N/A 

GEMEEIAL - All four lines require disconnects at both ends and new 
seals. The discharge lines require handling equipment 
due to the weight. Each line requires a vacuum check 
with portable test equipment. Approximate time per 
line: 1 hour. 

1. REMOVAL 

a. Disconnect sensors; bolts at line ends. 

b. Remove line; seals. 

c. Install caps on openings. 

2. REPLACEMENT 

a. Remove caps. 

b. Install seals; lines; sensors. Safety wire. 

c. Connect cables to sensors. 

3. RETEST 

a. Leak check 50 psig GH . 

b. Vacuum check - use shop equipment. 

c. Sensors VIA controller at combined systems test. 
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MAINTEHANCE PROCEDURE 
LRU Interconnect Lines 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Engine Power 

COMPONENT - Interconnect Lines, Consisting of: 

(1) Fuel Suction 

(2) Fuel Main Valve Outlet 

(3) Fuel Inlet, Fuel Preburner 

(4) Fuel Inlet, Oxidizer Preburner 

(5) Oxidizer Suction 

(6) Oxidizer Valve Outlet 

(7) Oxidizer Inlet, Fuel Preburner 

(8) Oxidizer Inlet, Oxidizer Preburner 

(9) Fuel Coolant, Gas Manifold 

GENERAL - The removal, replacement, and checkout procedures are 

essentially unique. Some grouping is possible. Details 
are given within each group. None of the line sections 
IS expected to exceed 30 lbs weight. 

A. SUCTION LINES (Engine to vehicle interface) . 

Elapsed Time - 2 hours per line 

1. REMOVAL 

a. Install contamination protection equipment, bellows 
compressor. 

b. Remove 38 - 3/8" bolts (24 ea. end), 

c. Compress bellows. 

d. Remove suction line; seals. 

e. Install closures on iine/opening. 

2. INSTALLATION 

a. Install bellows compressor. 

b. Remove caps, closures. 

c. Install seals; suction line; release compresser; bolts 
safety wire. 

RETEST 

a. Leak check 50 psig 


3 . 
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B. FUEL MAIN VALVE OUTLET 
Elapsed Time - 3 hours 

1. REMOVAL 

a. Remove flange bolts at fuel main valve outlet; chamber 
coolant valve inlet; nozzle coolant manifold outlet; 
main fuel line at fuel preburner inlet; sensors. 

b. Separate lines and remove outlet line, seals. 

c. Cap lines and connectors. 

2. REPLACEMENT 

a. Install seals; line; bolts; sensors; safety wire. 

3. RETEST 

a. Leak check 50 psig GH . 

b. Electrical VIA controfler at combined systems test. 

C. FUEL INLET, FUEL PREBURNER 
Elapsed Time - 3 hours 

1. REMOVAL 

a. Remove bolts at orifice flange; bolts at nozzle coolant 
manifold outlet; bolts at fuel preburner inlet; sensors. 

b. Disconnect fuel line to oxidizer preburner, at fuel 
preburner . 

c. Remove fuel inlet line, seals. 

d. Cap all openings, lines. 

2. REPLACEMENT 

a. Install seals; fuel inlet line. 

b. Connect fuel line to oxidizer preburner; nozzle coolant 
manifold outlet. 

c. Install sensors; safety wire. 

3. RETEST 

a. Leak check 50 psig GH 

b. Electrical; sensors ^lA controller at combined systems 
test. 

D. FUEL INLET, OXIDIZER PREBURNER 
Elapsed Time - 2 hours 

1. Removal 

a. Remove sensors. Cap lines, connectors. 

b. Disconnect flanges at both ends of fuel line. 

c. Remove fuel line; seals. 

2. REPLACEMENT 

a. Install seals; fuel line; sensors; safety wire. 

3. RETEST 

a. Leak check 50 psig GH . 

b. Electrical: Sensors ^lA controller at combined 

systems test. 
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E. OXIDIZER INLET, FUEL PREBURNER 
Elapsed Time - 2 hours 

1. REMOVAL 

a. Disconnect flanges at both ends of line. 

b. Remove line, seals. 

c. Cap openings. 

2. REPLACEMENT 

a. Install seals; line; safety wire, 

3. RETEST 

a. Leak check 50 psig GH . 

e 

F. OXIDIZER VALVE OUTLET; OXIDIZER INLET, 'OXIDIZER PREBURNER; 
FUEL COOLANT, GAS MANIFOLD. 

Elapsed Time - Each - 3 hours 

GENERALIZED PROCEDURE 


These lines are short sections, requiring disconnect at both 
ends, and seal removal. The configurations of the lines are 
TBD. Replacement and checkout involves seals, reconnection 
of flanges, and pressure check. 
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lAINTENANCE PROCEDURE 
.RU @ Select Valve 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Engine Power 

C OMPOMENT - Oxidizer Recirculation Select Valve 
TASK TIME - 3 hours 
PROCEDURE 

1. REMOVAL 

a. Install contamination protection equipment. 

b. Disconnect electrical cables. Cap connectors. 

c. Disconnect oxidizer recirculation line from valve to 
interface, at valve; oxidizer recirculation line from 
HPOTPA to valve at valve; valve from LPOTPA turbine. 
Remove valve, seals. 

d. Inspect for particles, contamination. 

e. Cap all lines, openings. 

2. REPLACEMEMT 

a. Remove caps. 

b. Install seals, valve. 

c. Connect electrical cables. 

d. Install safety wire. 

3. RETEST 

a. Leak check: 50 spi, with valve in "tank” and 

"turbine" positions. 

b. Electrical check: Functional valve with leak check, 

via controller. ^ 
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MAINTENANCE PROCEDURE 
LRU Select Valve 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Engine Power 

COMPONENT - Fuel Recirculation Select Valve 
TASK TIME - 3 hours 
PROCEDURE 

1. REMOVAL 

a. Install contamination protection equipment. 

b. Disconnect electrical cables; cap connectors. 

c. Disconnect fuel recirculation line from valve to inter- 
face, at valve; fuel recirculation line from HPFTPA to 
valve at valve; valve from LPFTPA turbine. Remove valve, 
seals . 

d. Inspect for particles, contamination. 

e. Cap all lines, openings. 

2. REPLACEMENT 

a. Remove caps. 

b. Install seals, valve. 

c. Connect electrical cables. 

d. Install safety wire. 

1 

e. RETEST 

GH^, 50 psi, with valve in "tank" and "turbine" 
Functional valve with leak check, via controller. 


a. Leak check; 
positions . 

b. Electrical: 
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maintenance procedure 

LRU Control Valve 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
assembly - Engine Power 

COMPONENT - Puel Recirculation Control Valve 
TASK TIME - 3 hours 
PROCEDURE 

1. REMOVAL 

a. Install contamination protection equipment. 

b. Disconnect electrical cables. Cap connectors- 

c. Disconnect fuel recirculation line from valve to regulator 
at valve; valve from HPFTPA. Remove valve, seals. 

d. Inspect for particles, contamination. 

e. Cap line, openings. 

2. REPLACEMENT 

a. Remove caps. 

b. Install seals, valve. 

c. Connect electrical cables. 

d. Install safety, wire. 

3. RETEST 

a. Leak check; 50 psi GH , with select valve to turbine. 

b. Electrical; Open and close valve via controller. 
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MAINTEMKCE PROCEDURE 
LRU Recirculation Regulator - 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Engine Power 

COMPONENT - Puel Recirculation Regulator 
TASK TIME - 2 hours 
PROCEDURE 

1. REMOVAL 

a. Install contamination protect xon equipment. 

b. Disconnect line from regulator to select valve, at 
regulator; line from regulator to control valve at 
regulator. Remove regulator, seals. 

c. Inspect for particles, contamination. 

d. Cap lines. 

2. REPLACEMENT 

a. Remove caps. 

b. Install seals, valve, safety wire. 

3. RETEST 

a. Leak Check: 50 psi with recirculation select 

valve to turbine. 
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MAINTENANCE PROCEDURE 
IRU Booster Nozzle 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Thrust Chamber 
COMPONENT - Booster Nozzle 
TASK TIME - 8 hours 
PROCEDURE 


1. REMOVAL 

a. Install contamination protection equipment; nozzle support 
equipment; gimbal actuator support equipment. 

b. Disconnect gimbal rod ends; coolant inlet line; coolant 
outlet line. 

c. Disconnect nozzle (48 ea - 1/2" bolts). 

d. Remove nozzle; seals. 

e. Install protective covers. 


2. REPLACEMENT 

a. Remove protective covers. 

b. Move nozzle into position, using handling equipment. 

c. Install seals. 

d. Connect nozzle (48 ea - 1/2" bolts); coolant lines; 
gimbal actuator rod ends. 

e. Install safety wire. 

f. Remove nozzle and gimbal support equipment. 


3. RETEST 

a . 


50 psig GH^. 


Leak check: 
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MA.INTENANCE PROCEDURE 
LRU Coolant Control Valve 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Thrust Chamber 

COMPONENT - Chamber Coolant Control Valve 
TASK TIME - 1 hour 
PROCEDURE 

1. REMOVAL 

a. Disconnect valve electrical connectors; chamber coolant 
valve (16 ea - 1/4" bolts). 

b. Disconnect coolant valve from fuel discharge line 
"Spider" (8 ea - 1/4" bolts). 

c. Remove coolant valve; seals. 

d. Install caps on line, opening. 

2. REPLACEMENT 

a. Remove caps. 

b. Install seals; valve; chamber coolant line. 

c. Connect electrical connectors. 

d. Install safety wire. 

3. RETEST 

a. Leak check: Upstream of valve - 50 psig GH . 

Downstream of valve - 50 psig GH . ® 

b. Electrical: Valve functional at®combined systems test. 
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MAINTEMNCE PROCEDURE 
LRU Interconnect Lines 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Thrust Chamber 

COMPONENT - Interconnect Lines, Consisting of: 

(1) Main Chamber Coolant Inlet (TBD) 

(2) Nozzle Coolant Inlet (TBD) 

(3) Main Injector Inlet. 

TASK TIME - N/A 
PROCEDURE 

GENERAL - The main injector inlet line is definable at this time. 
The line runs from the oxidizer pump 2nd stage outlet 
to the main oxidizer valve inlet. The other lines are 
TBD, but in general are short small diameter lines. 

This procedure covers only the main injector inlet 
(oxidizer) line. 


1. REMOVAL 

Elapsed Time - 2 hours 

a. Install contamination protection equipment. 

b. Remove sensors. Cap lines, connectors. 

c. Disconnect oxidizer line to LPPTPA; ignitor oxidizer 
line; main Injector line at both ends. 

d. Remove main injector line; seals. 

e. Gap lines, openings. 

2. . REPLACEMENT 

a. Remove caps, closures. 

b. Install seals; main injector line. 

c. Connect oxidizer line to LPPTPA; ignitor oxidizer line. 

d. Install sensors; safety wire. 

3. RETEST 


a. Leak check - 50 psig GH • 

b. Electrical - Sensors VIA controller at combined systems test. 
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MA.INTEMKCE PROCEDURE 
LRU @ TCA Ignit ers 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Ignition 

COMPONEOT - Preburner and Main TCA Igniters 
TASK TIME - 1 hour 
PROCEDURE 

1. REMOVAL 

a. Disconnect high voltage spark cables; igniter valve 
cables; propellant lines; sensors. Cap all lines, 
connectors. 

b. Remove igniter bolts; igniter assembly. 

c. Install protective cover. 

2. REPLACEMENT 

a. Remove protective covers. 

b. Install igniter assembly. 

c. Connect propellant lines; spark cable; valve cables; 
sensors. Install safety wire. 

3. RETEST 

a. Leak check - downstream of igniter valves, 50 psig GH^. 
Upstream of igniter valves, 50 psig GH^. 

b. Valve functional - VIA controller at combined systems test. 

c. Sensors - VIA controller at combined systems test. 
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MAIin?ENAy!GE PROCEDURE 
LRU Interconnect Lines 

SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Ignition 

COMPONENT ~ Interconnect lines, consisting of preburner and 
main TCA igniter propellant inlet lines . 

TASK TIME - Each 2 hours 

PROCEDURE - (ALL) 

1. REMOVAL 

a. Disconnect flanges at both ends of line. 

b. Remove support clamps; line; seals. 

2. REPLACEMENT 

a. Install seals; line; support clamps. 

3. RETEST 

a. Leak check - 50 psig GH 

b. Electrical - None. 
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MAINTENANCE PROCEDURE 
LRU ^ 3 ) GimbaX Actuators 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 

ASSEMBLY - Thrust Vector Control 

COMPONENT - Gimbal Actuators and Power Pack 
TASK TIME - N/A 
PROCEDURE 

GENERAL - The actuators (2) weigh approximately 100 lb, each, 

attached by clevis/spherical rod ends. The main pump 
weighs approximately 15 lb and the electrical auxiliary 
pump weighs approximately 20 lb. The major replacement 
effort centers around the actuator, and is the main 
subject of this procedure. 

Task Time - 8 hours, 

A. ACTUATORS 

1. REMOVAL 

a. Install contamination protection equipment. 

b. Disconnect electrical cables; hydraulic lines. 

Cap all lines, • connectors . 

c. Attach nozzle positioning equipment; actuator 
handling equipment., 

d. Remove clevis pins; actuator. 

2. REPLACEMENT 

a. Position actuator, using handling equipment. 

b. Attach rod ends to upper and lower clevis. 

c. Connect hydraulic lines; electrical cables. 

d. Install safety wire, 

3. RETEST 

a. Adjust nozzle zero position. 

b. Bleed- in hydraulic lines. 

c. Leak check - high pressure system operating 
auxiliary pump from shop power. 

d. Electrical - test actuator and servo system at 
combined systems test VIA controller. 
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E. MAIN PUMP Estimated time - 3 hours 

1. REMOVAL 

a. Install contamination protection equipment. 

b. Disconnect hydraulic lines. Cap all openings, 
lines . 

c. Remove main pump (TBD bolts); seal. 

2. REPLACEMENT 

a. Install seal; main pump; safety wire. 

b. Connect hydraulic lines. 

3. RETEST 

a. Bleed-in system. 

b. Leak check - operate auxiliary pump to olitain 
full system pressure at flanges. 
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MAINTENANCE PROCEDURE 
LRU Engine Controller 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Engine Control 

COMPONENT - Engine Controller 
TASK TIME - 60 minutes 
PROCEDURE 

1. REMOVAL 

a. Attach handling fixture. 

b. Disconnect interconnects cables 

c. Remove attachment bolts. 

d. Remove controller. 

2. REPLACEMENT 

a. Position controller. 

b. Install attachments bolts. 

c. Connect interconnect cables. 

d. Safety wire. 

e. Remove handling fixture. 

3. RETEST 

a. Connect test GSE (may be via vehicle) . 

b. Load diagnostic program. 

c. Operate controller, perform internal tests. 

d. Reload operational program. 

e. Perform internal tests. 

f. Perform engine functional check including all programs. 
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MAIKTEMMCE PRCX3EDURE 
LRU Wire Harness 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 

ASSEMBLY - Engine Control 

COMPONENT - Ignition and Valve Control Harness 
TASK TIME - 1 hour per subassembly 

PROCEDURE 

GENERAL - The harness configuration will probably consist of two 

to four subassembly harnesses, with multi-pin connectors 
at the controller, and fanning out to individual valves 
by area grouping. The ignition harness (low voltage) may 
be integral with the control cables. The high voltage 
conductors are considered part of the ignitor component. 

1. REMOVAL 

a. Remove safety wires; support clamps. 

b. Disconnect connectors, both ends. Cap. 

c. Remove harness. 

2. REPLACEMENT 

a. Position harness. 

b. Connect cable connectors. 

c. Install cable clamps; safety wires. 

3. RETEST 

a. Electrical - Via controller at combined systems test. 

b. Valve functional - Via controller at combined systems test. 
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MAINTENANCE PROCEDURE 
LRU Instrumentation Harness 


SYSTEM - Main Propulsion 

SUBSYSTEM - Main Engine 

ASSEMBLY - Engine Control 

COMPONENT - Instrumentation Harness 

TASK TIME - 2 hours per subassembly 

GENERAL - The probable configuration is a set of six to ten sub- 
assemblies, serving perhaps ten transducers, with one 
multi-pin connector at the controller end. This 
discussion deals with each subassembly. 

PROCEDURE 

1. - REMOVAL 

a. Disconnect connectors at transducer and controller ends. 

' Cap connectors. 

b. Remove cable clamps; harness. 

2. REPLACEMENT 

« 

a. Place harness in position. 

b. Connect connectors, both ends. 

c. Install cable clamps, safety wires. 

3. RETEST 


a. 


Electrical - Via controller at combined systems test. 
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MAINTEMRCE PROCEDURE 
LRU @ Check Valve 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Tank Pressurant 

C OMPONENT - Fuel Tank Pressurization Check Valve 
TASK TIME - 1 hour 
PROCEDURE 

1. REMOVAL 

a. Disconnect valve flanges. 

b. Remove valve, seals. 

c. Cap lines. 

2. replacement 

a. i Remove caps. 

b. Install seals; valve. 

3. retest 

a. Leak check - Upstream and downstream requires simultaneous 
application of 25 psig 
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MAIMEMANGE PROCEDURE 
LRU (28) Check Valve 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Tank Pressurant 

COMPONENT - Oxidizer Tank Pressurization Check Valve 
TASK TIME - 1 hour 
PROCEDURE 

1. REMOVAL 

a. Disconnect valve flanges. 

b. Remove valve; seals. 

c. Take swab sample. 

d. Cap lines. 

2. REPLACEMENT 

a. Remove caps. 

b. Install seals; valve. 

3. RETEST 

a. Leak check - upstream and downstream requires simultaneous 
application of 25 psig GH^. 
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MAINTENANCE PROCEDURE 
LRU Heat Exchanger 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Tank Pressurant 

COMPONENT - Oxidizer Heat Exchanger 
TASK TIME - 1 hour 
PROCEDURE 

1. REMOVAL 

a. Install contamination protection equipment. 

b. Disconnect hot gas inlet line; hot gas outlet line; 
oxidizer inlet line; oxidizer outlet line. 

c. Remove heat exchanger mounting bracket; heat exchanger; 
seals. 

d. Install caps on lines. 

2. REPLACEMENT 

a. Remove caps. 

b. Install seals; heat exchanger; bracket. 

3. RETEST 

a. Leak test - oxidizer lines, TBD, Hot gas lines - 
50 psig, GH^. 
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MINTENANCE PROCEDURE 
LRU ( 3 ^ Purge Valves 


SYSTEM - Main Propulsion 
SUBSYSTEM - Main Engine 
ASSEMBLY - Engine Purge 
COMPONENT - Purge Valves 
TASK TIME - Each component, 30 minutes . 
PROCEDURE 

1. REMOVAL 

a. Disconnect electrical connector. 

b. Remove flange bolts; valve; seals. 

c. Cap lines; openings. 

2. REPLACEMENT 

a. Remove caps, closures. 

b. Install seals; valve. 

c. Connect electrical connector. 

d. Install safety wire. 

3. RETEST 

a. Leak check - TBD 

b. Electrical check - operate valve. 
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MAINTENANCE PROCEDURE 
LRU Extendable Nozzle 


SYSTEM - Main Propulsion 

SUBSYSTEM - Main Engine, Orbiter Only 
ASSEMBLY - Extendable Nozzle 
COMPONENT - Extendable Nozzle 
TASK TIME - 16 hours 
PROCEDURE 

1. REMOVAL / 

a. Attach nozzle handling equipment, with nozzle in 

90% aft position. ' 

b. Remove seal ring. 

c. Disconnect drive cable clamps; position sensor cables. 

d. Remove nozzle. j 

2. REPLACEMENT 

a. Move nozzle into position, using handling equipment 
nozzle to be at 90% aft/ position - match position index 
marks . 

b. Attach drive cable clamps. 

c. Install seal ring. 

4 d. Co nnect position sensor cables. 

e. Install safety wires. 

f. Remove handling equipment. 

3. RETEST 


a. Mechanical - Using shop power, operate nozzle to fully 
stowed, full aft, and fully stowed. 
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MAIIilTENAMCE PROCEDURE 
LRU tfozzle Deployment Kit 


SYSTEM - Main Propulsion 

SUBSYSTEM - Main Engine, Orbiter Only. 

ASSEMBLY - Extendable Nozzle 

COMPONENT - Extendable Nozzle Deployment Kit 

TASK TIME - 8 hours (one guide rail, cable, drive assembly kit) . 

PROCEDURE 

1. REMOVAL 

a. Install nozzle support equipment nozzle extended. 

b. Disconnect electrical cables. Cap connectors. 

c. Remove cable; drive unit. 

d. Disconnect guide column supports. 

e. Remove guide column. 

2. REPLACEMENT 

a. Install guide column; cable and drive unit. 

b. Connect electrical cables; safety wire. 

c. Remove nozzle support equipment. 

3. RETEST 

a. Operational - Using shop power, return nozzle to stowed 
position, and cycle to full extension/fully stowed. 
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LRUs Auxiliary Propulsion System 

This section of Appendix C contains the maintenance 
procedures for the Booster and Orbiter Auxiliary Propulsion 
Systems. 
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MAINTENANCE PROCEDURE 

LRU (T) Engine Package, Booster - RCS/Separation 
LRU (T) Engine Package, Orblter - RCS/OMS 


SYSTEM - Auxiliary Propulsion 

SUBSYSTEM - RCS, CMS, Separation Engine 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 3 hours 
PROCEDURE (Refer to Figure C-2) 

1. REMOVAL 

a. Assemble engine package removal fixture. 

b. Disconnect mounting bolts; lockwlre. 

c. Remove mounting bolts. 
d» Remove engine package 

2. REPLACEMENT 

‘ a. Attach mounting fixture to engine package. 

b. Orient package to mounting index-guide pins. 

, c. Install seals; engine package-to-vehicle-mounting-pad 
seals on thruster assembly. 

d. Orient engine package to mounting pad indexing pins and 
slide toward the mounting pad until contact is made. 

e. Install engine package mounting bolts through mounting 
pads to threaded holes In vehicle mounting pad. 

f. Install lockwlre. 

3. RETEST 

a. Leak check - 

1) Apply nitrogen or helium pressure to the oxidizer and 
fuel lines with the bipropellant isolation valves in a 
closed position. 

2) Monitor leak detection ports for interface seal integrity, 

b. Electrical - 

1) Actuate the igniter valve similar to that for thruster 
operation. 

2) Energize the igniter spark plug and visually monitor spark 
through the thrust chamber exit with appropriate tooling. 
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Fuel 



• Electrical harness includes igniter power, instrumentation, 
and valve actuation circuit. 

•Each propellant delivery interface has leak check annulus 
and port. 

• Vehicle Mounting Pad is hard -mounted to vehicle. 

• All engine control valves included in engine package. 


Fig C-2 RCS/OHS/Separation Engine Package Removal 
and Replacement 
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MAINTENMCE PROCEDURE 
LRU . (?) Booster GO^. GH„ Filter 
LRU @ Orblter GO„, GH^ Filter 


SYSTEM - Auxiliary Propulsion 

SUBSYSTEM - APS Propellant Management 
ASSEMBLY - N/A 
COMPOHEMT - N/A 
TASK TIME - 3/4 hour 
PROCEDURE 

1. REMOVAL 

a» Cut brazed sleeves with cutting tool, 

b» Remove filter and clean propellant distribution lines, 

2. REPLACEMENT 

a. Install replacement filter and braze sleeves to propellant 
distribution lines, 

b. Remove brazing equipment and perform visual inspection. 

3 . RETEST 

a. Verify accumulator isolation valves closed in affected 
subsystem (O 2 or H 2 ) , 

b. Connect helium pressurization line to appropriate quick- 
disconnect coupling, 

c. Pressurize accumulators to 1500 psia, 

d. Monitor accumulator pressure for decay, 

e. If pressure decay noted, perform bubble leak test on replaced 
filter to verify. 

f. Reduce accumulator pressure to 19 psia, 

g. Disconnect pressurization system. 
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MAINTENANCE PROCEDURE 

LRU 0 ^ , ( 3 ) Booster GH^. GO„ Solenoid Valve 
LRU (?) . CT) Booster G0„ Solenoid Valve 

SYSTEM “ Auxiliary Propulsion 

SUBSYSTEM - APS Propellant Management 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 3/4 hour 
PROCEDURE 

1. REMOVAL 

a» Disconnect electrical control and instrumentation. 

b. Cut brazed sleeves with cutting tool, 

c. Remove solenoid valve and clean propellant feed lines,’ 

2. REPLACEMENT 

a. Install replacement solenoid valve and braze sleeves to 
propellant feed lines. 

b. Remove brazing equipment and perform visual inspection. 

c. Connect electrical control and instrumentation, 

3. RETEST 

a. Apply 28 vdc electrical actuation signal to solenoid valve 
and verify response with position indicator instrumentation. 

b. Connect helium pressurization line to appropriate quick- 
disconnect coupling. 

_c. Close solenoid valve, 

d. Pressurize accumulators to 1500 psia. 

e. Monitor accumulator pressure for decay (internal leakage). 

f. Perform bubble leak test (external leakage), 

g. Open solenoid valve and monitor feed line pressure, 

h. Reduce acctnnulator pressure to 19 psia, 

i. Disconnect pressurization system. 
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MAINTENANCE PROCEDURE 

LRU Booster/Orbiter GH^ Check Valve Package 


SYSTEM - Auxiliary Propulsion 

SUBSYSTEM - Booster Hydrogen Conditioning 

Orbiter Propellant Conditioning 

ASSEMBLY - N/A 

COMPONENT - N/A 

TASK TIME - 3/4 hour 

PROCEDURE 

1 . REMOVAL 

a* Cut brazed sleeves with cutting tool. 

b. Remove check valve package and clean propellant lines. 

2. REPLACEMENT 

a. Install replacement check valve package, verify installation 
in proper direction, braze sleeves to propellant lines. 

b. Remove brazing equipment and perform visual inspection. 

3. RETEST 

a. Verify accumulator isolation valves closed in affected subsystem, 

b. Connect helium pressurization line to GH^ quick-disconnect 
coupling • 

c. Pressurize accumulators to 1500 psia, 

d. Monitor accumulator pressure for decay, (Downstream leak 
check, internal leak check) . 

e. Pressurize upstream side to 1500 psia, (Upstream leak 
check, internal leak check) . 

f. Reduce pressure in accumulators and verify check valve 
operation, 

g. Perform external bubble leak check if required, 

h. Reduce system pressure to 19 psia. 

Disconnect pressurization system. 


1 . 
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MAINTENANCE PROCEDURE 

LRU r?) Booster/Orbiter Gas Generator GH^ Propellant Valve Package 
SYSTEM - Auxiliary Propulsion 

SUBSYSTEM ~ Booster Hydrogen Conditioning, Booster Oxygen Conditioning, 
Booster APU, Orbiter Propellant Conditioning 

ASSEMBLY - N/A 

COMPONENT - N/A 

T;j^K TlftE - 1 hour 

PROCEDURE 

1, REMOVAL 

a. Disconnect electrical control and instrumentation, 

b. Cut brazed sleeves with cutting tool, 

c. Remove gas generator GH 2 propellant valve package and 
clean propellant lines, 

2 , REPLACEMENT 

a. Install replacement valve package and braze sleeves to 
propellant lines. 

b. Remove brazing equipment and perform visual inspection, 

c. Connect electrical control and instrumentation, 

3, RETEST 

a. Apply 28 vdc electrical actuation signal to each solenoid 
valve and verify response with position indicator instrumenta- 
tion, 

b. Connect helium pressurization line to GH 2 quick-disconnect 
coupling • 

c. Close both solenoid valves, 

d. Pressurize accumulators to 1500 psia, 

e. Monitor accumulator pressure for decay with; 

1) Main GH 2 valve closed, isolation valve open, 

2) Main GH 2 valve open, isolation valve closed, (internal leakage) 

f. Perform bubble leak test on upstream brazed joint with both 
valves closed (external leakage) . 

g. Close turbine overboard dump valve,* 

*This valve is required to allow pressurization of gas generator and turbine 
for leak checks and has not been identified in the DRM, 
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h. Open main GH^ and isolation valves and pressurize gas 
generator ana turbine o 

i. Perform bubble leak test on downstream brazed joint 
(external leakage) * 

j. Reduce accumulator pressure to 19 psia, 

k. Close main GH2 and isolation valves and open overboard 
dump valve, 

l. Disconnect pressurization system. 
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MAINTENANCE PROCEDURE 

LRU (8^ Booster/Orbiter Gas Generator G0„ Propellant Valve Package 


SYSTEM - Auxiliary Propulsion 

SUBSYSTEM - Booster Hydrogen Condition, Booster Oxygen Conditioning, 

Booster APU, Orbiter Propellant Conditioning 

ASSEMBLY - N/A 

COMPONENT - N/A 

TASK TIME - 1 hour 

PROCEDURE 

1, REMOVAL 

a» Disconnect electrical control and instrtimentation, 

b. Cut brazed sleeves with cutting tool. 

c. Remove gas generator GO^ propellant valve package and 
clean propellant lines, 

2, REPLACEMENT 

a. Install replacement valve package and braze sleeves to 
propellant lines, 

b. Remove brazing equipment and perform visual inspection. 

c. Connect electrical control and Instrumentation, 

3, RETEST 

a. Apply 28 vdc electrical actuation signal to each solenoid 

valve and verify, response with position indicator instrumentation. 

b. Connect helium pressurization line to GO 2 quick-disconnect coupling 

c. Close both solenoid valves. 

d. Pressurize accumulators to 1500 psia. 

e. Monitor accumulator pressure for decay with: 

1) Main GO 2 valve closed, Isolation valve open. 

2) Main GO^ valve open, isolation valve closed, (internal 

leakage! . t 

f. Perform bubble leak test on upstream brazed joint with both 
valves closed (external leakage). 
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g. Close turbine overboard dump valve,* 

h. Open main G0„ and isolation valves and pressurize gas 
generator and turbine, 

i. Perform bubble leak test on do^mstream brazed joint 
(external leakage) . 

j. Reduce accumulator pressure to 19 psia, 

k. Close main GO2 and isolation valves and open overboard 
dump valve, 

l. Disconnect pressurization system. 


*This valve is required to allow pressurization of gas generator and 
turbine for leak checks and has not been identified in the DRM, 



C-67 


MAINTENANCE PROCEDURE 
LRU (?) Booster Check Valve Package 


SYSTEM - Booster Auxiliary Propulsion 

subsystem Booster Hydrogen Conditioning 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 3/4 hour 
PROCEDURE 

1. REMOVAL 

a. Cut brazed sleeves with cutting tool. 

b. Remove check valve package and clean propellant lines* 

2. REPLACEMENT 

a. Install replacement check valve package, verify installation 
in proper direction, braze sleeves to propellant lines. 

b. Remove brazing equipment and perform visual inspection, 

3. RETEST 

a. Pressurize airborne cruise tank and propellant distribution 
line to 25 psia. 

b. Open LH2 pump isolation and suction valves. 

c. Monitor system pressure for decay and, if required perform 
bubble leak check for external leakage, 

d. Reduce cruise tank and propellant distribution line pressure 
to ambient . 

V, Close cruise tank propellant distribution valves and monitor 
propellant distribution line pressure (internal leakage) , 

f. Reduce system pressure to 19 psia, 

g. Disconnect pressurization system. 
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MAINTENANCE PROCEDURE 
LRU @ Booster Turbopumps 


SYSTEM - Booster Auxiliary Propulsion 
SUBSYSTEM - Hydrogen Conditioning 
ASSEMBLY ~ W/A 
COMPONENT - N/A 
TASK TIME - 6 hours 

PROCEDURES (Refer to Figures C-5 and C-6) 

1, REMOVAL 

a. Drain gearbox lubrication system. 

b. Disconnect electrical instrumentation. 

c. Cut brazed sleeves on pump suction and discharge lines 
with cutting tool* 

d. Attach turbopump removal fixture, 

e. Remove mounting bolts from gas generator and mounting 
/ flanges on pump and turbine. 

f. Remove turbopump, 

g. Remove gas generator/turbine seals and clean, 

2, REPLACEMENT 

a. Install gas generator /turbine seals. 

b. ' Attach mounting fixture to turbopump, 

c. Install replacement turbopump, 

d. Install mounting bolts in gas generator and mounting flanges, 

e. Remove mounting fixture. 

f. Braze pump suction and discharge lines, 

g. Remove brazing equipment and perform visual inspection, 

h. Connect electrical instrumentation, 
j. Replace gearbox lubrication oil, 

3, RETEST 

a. Verify gearbox lubrication oil level, 

b. Pressurize APS hydrogen accumulators to 1500 psia, 

c. Open pump Isolation and suction valves. 

d. Perform bubble leak check on pump suction and discharge 
line brazed connections. 

e. Close turbine overboard dump valve.* 


*This valve is required to allow pressurization of gas generator and 
turbine for leak checks and has not been identified in the DEM, 
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ft Open gas generator maxn GH 2 and isolation valves and 
pressurize gas generator and turbine, 

g« Perform bubble leak test on gas generator /turbine seals 
(external leakage) . 

h. Reduce accumulator pressure to 15 psia, 

±, Connect cold-gas turbine drive ground support equipment, 

j. Open turbine overboard dump valve, 

k. Activate cold gas turbine drive gas, 

l. Verify turbine speed instrumentation, and lubrication 
system operation, 

m. Perform visual inspection for gearbox/pump seal leakage, 

n. Deactivate cold-gas turbine drive gas. 

o. Disconnect cold-gas turbine drive ground support equipment, 

p. Pressurize accumulator to 19 psia, 

q. Close pump isolation and suction valves and gas generator 
main 6 H 2 and isolation valves, 

r. Disconnect pressurization system. 
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LRU dj) Booster Turbopump Suction Valve Package 
LRU Orblter LH^ Pump Suction Valve Package 

SYSTEM - Auxiliary Propulsion 

SUBSYSTKi - Booster Hydrogen Condition, Orbiter Propellant Conditioning, 
ASSEMBLY “ N/A 
COMPONENT - N/A 
TASK TIME - 1 hour 
PROCEDURES 

1, REMOVAL 

a. Disconnect electrical control and instrumentation, 

b. Cut brazed sleeves with cutting tool, 

c. Remove valve package and clean suction lines, 

2, REPLACEMENT 

a. Install replacement valve package and braze sleeves to 
suction Ixnes, 

b. Remove brazing equipment and perform visual Inspection, 

c. Connect electrical control and instrumentation, 

3, RETEST 

a. Apply 28 vdc electrical actuation signal to each solenoid 
valve and verify response with position indicator instru- 
mentation, 

b* Close both solenoid valves, 

c. Connect helium pressurization line and pressurize appropriate 
tank (cruise tank or on-orbit LH- tank) to 30 psia, 

d. Monitor tank pressure for decay with; 

1) Suction valve closed, isolation valve open, 

2) Suction valve open, isolation valve closed, (Internal leakage), 

e. j Perform bubble leak test on brazed joints with both valves 

open (external leakage) . 

f. Reduce system pressure to 19 psia, 

g. Close pump suction and isolation valves, 

h. Disconnect pressurization system. 
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^^AINTENANCE PROCEDURE 

LRU @ Booster Gas Generator/Heat Exchanger Package 


SYSTEM - Booster Auxiliary Propulsion 

SUBSYSTEM - Hydrogen Conditioning Subsystem 
ASSEMBLY - N/A 
CO^gONEMT ~ N/A 
TASK TIME - 4 hours 
PROCEDURES (Refer to Figure C-3 ) 

1. REMOVAL 

a. Disconnect electrical instrumentation and control, 

b. Cut brazed sleeves with cutting tool, 

c. Remove mounting bolts from turbine inlet duct and structural 
mounting pads, 

d. Remove gas generator /heat exchanger package and clean lines, 

e. Remove turbine inlet duct seal, 

2. REPLACEMENT 

a. Install, replacement turbine inlet duct seal, 

b. Install replacement gas generator/heat exchanger, 

c. Install mounting bolts in turbine inlet duct and 
structural mounting pads, 

d. Braze -heat exchanger inlet and outlet lines and gas 
generator propellant lines , 

e. Remove brazing equipment and perform visual inspection, 

f. Connect electrical instrumentation and control, 

3. RETEST 

a. Pressurize APS hydrogen accumulators and LH^ cruise tanks 
to 30 psia. 

b. Open LH^ pump isolation and suction valves and accumulator 
resupply and isolation valves. 

c. Perform bubble leak check on heat exchanger inlet and outlet 
brazed connections (external leakage). 

d. Close accumulator resupply and isolation valves, 

e. Close turbine overboard dump valve,* 


*This valve is required to allow pressurization of gas generator and 
turbine for leak checks and has not been identified in the DEM, 
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f. Increase APS hydrogen accumulator pressure to 1500 psia. 

g. Open gas generator main GH, and isolation valves and 
pressurize gas generator, turbine, and heat exchanger to 
1500 psia» 

h. Monitor heat exchanger outlet pressure (internal leakage) 
and perform bubble leak check on turbine inlet duct seal 
(external leakage) • 

i» Reduce accumulator pressure and cruise tank pressure to 19 
psia. 

j. Close gas generator main GH 2 and isolation valves and open 
overboard dump valve. 

k. Disconnect pressurization system. 




o 


Fig. c-3 Booster Gas Generator/Heat Exchanger Package Removal and Replacement 


-73 





C-74 


MAINTENANCE PROCEDURE 

LRU Booster LH^ Solenoid Valve Package 


SYSTEM - Booster Auxiliary Propulsion 
SUBSYSTEM - Hydrogen Conditioning 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 1 hour 


PROCEDURES 

1, REMOVAL 

a. Disconnect electrical control and instrumentation. 

b. Cut brazed sleeves with cutting tool, 

c. Remove LH 2 solenoid valve package and clean lines. 

2, REPLACEMENT 

a. Install replacement valve package and braze sleeves 
to lines, 

b. Remove brazing equipment and perform visual inspection, 

c. Connection electrical control and Instrumentation, 

3, RETEST 

a. Apply 28 vdc electrical actuation signal to each solenoid 
valve and verify response with position indicator instru- 
mentation, 

b. Close both solenoid valves, 

c. Open LH„ pump suction and isolation valves, 

d. Pressurize APS hydrogen accumulators to 30 psia and on-orbit 
LH^ tanks to 13 psia, 

e. Monitor accumulator pressure for decay with; 

1) Resupply valve closed, isolation valve open, 

2) Resupply valve open, isolation valve closed (internal leakage) , 

f. Open both solenoid valves and pressurize LH, tank to 30 psia, 

g. Perform bubble leak test on brazed joints with solenoid valves 
open (external leakage) . 

h» Reduce system pressure to 19 psia, 

i. Close accumulator resupply and isolation valves, 

j. Close LH^ pump suction and isolation valves, 
k* Disconnect pressurization system. 
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MAINTENANCE PROCEDURE 
LRU @ Booster/Orbiter Gas Generator 


SYSTEM - Auxiliary Propulsion 

SUBSYSTEM - Booster Hydrogen Conditioning, Booster Oxygen Conditioning, 
Booster APU, Orbiter Propellant Conditioning 

ASSEMBLY - N/A 

COMPONENT - N/A 

TASK TIME - 3 hours 

PROCEDURE (Refer to Figure C-4) 

1. REMOVAL 

a« Disconnect electrical instrumentation and control. 

V. Cut brazed sleeves with cutting tool. 

c. Remove mounting bolts from turbine inlet duct and 
structural mounting pads. 

d. Remove gas generator and clean propellant lines. 

e. Remove turbine inlet duct seal. 

2. REPLACEMENT 

a. Install replacement turbine inlet duct seal. 

b. Install replacement gas generator. 

c. Install mounting bolts in turbine inlet duct and 
structural mounting pads, 

d« Braze propellant inlet lines, 

e. Remove brazing equipment and perform visual inspection, 

f. Connect electrical instrumentation and control, 

3 . RETEST 

a. Close turbine overboard dump valve*. 

b. Open gas generator main propellant and isolation valves. 

c. Pressurize appropriate accumulators to 1500 psia, 

d. Perform bubble leak check on turbine inlet duct seal 
(external leakage) . 

e. Reduce accumulator pressure to 19 psia. 

f . - Close gas generator main propellant and isolation valves 

and open overboard dump valve, 

g. Disconnect pressurization system, 

h. If required, a hot firing test may be performed by loading APS 
propellants and cycling gas generator through a start and shut- 
down sequence. This test must be followed by a system purge 
and safing procedure. 

*This valve is required to allow pressurization of gas generator and turbine 
for leak checks and has not been identified in the DRM. 
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« Electrical harness includes igniter power, igniter valve 
control, and instrumentation. 

® Mounting flanges have removable seals . 


Fig. C-4 Gas Generator Removal and Replacement 
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LRU Booster Compressor GO^ Inlet Valve Package 

SYSTEM - Booster Auxiliary Propulsion 
SUBSYSTEM - Oxygen Conditioning 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 1 hour 
PROCEDURE 

1. REMOVAL 

a« Disc onnect electrical control and instrumentation 

b. Cut brazed sleeves with cutting tool. 

c. Remove compressor GO^ inlet valve package and clean 
propellant lines, 

2. REPLACEMENT 

a. Install replacement valve package and braze sleeves to 
propellant lines, 

b» Remove brazing equipment and perform visual inspection, 
c. Connect electrical control and instrumentation, 

3. RETEST 

a. Apply 28'vdc electrical actuation signal to each solenoid 
valve and verify response with position indicator instru- 
mentation. 

b. Connect heliiun pressurization line to main L0„ quick- 
disconnect coupling, 

c. Close both solenoid valves, 

d. Pressurize system to 30 psia, 

e. Monitor main LO 2 tank pressure for decay with; 

1, GO 2 propellant valve closed, isolation valve open, 

2, GO 2 propellant valve open, isolation valve closed 

(internal leakage) . ‘ 

f. Perform bubble leak test on brazed joints with both valves 
open (external leakage) . 

g. Reduce main LO 2 tank pressure to 19 psia, 

h. Close GO 2 propellant and isolation valves, 

1, Disconnect pressurization system. 
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MAINTENANCE PROCEDURE 
LRU Booster Turbocompressor 


SYSTEM - Booster Auxiliary Propulsion 
SUBSYSTEM - Oxygen Conditioning 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 5 hours 
PROCEDURE 

1. REMOVAL 

a. Disconnect electrical instrumentation. 

b. Remove mounting bolts from GO 2 outlet and overboard 
ducting flanges. 

c . Remove mounting bolts from compressor inlet and turbine 
inlet flanges, 

d. Attach turbocompressor removal fixture, 

e. Remove mounting bolts from mounting pads. 

f. Remove turbocompressor, 

g. Remove flange seals and clean flanges. 

2. REPLACEMENT 

a. Attach mounting .fixture to replacement turbocompressor, 

b. Install replacement flange seals. 

c. ilnstall replacement turbocompressor and Install mounting 
bolts in mounting pads, 

d. Install mounting bolts in compressor inlet and turbine 
inlet flanges. 

e. Install mounting bolts in GO^ outlet and overboard ducting 
flanges . 

f. Remove turbocompressor mounting fixture, 

g. Connect electrical instrumentation and perform visual 
inspection, 

3. RETEST 

a. Close turbine overboard dvimp valve.* 

b. Open gas generator main propellant and isolation valves, 

c. Pressurize appropriate accumulators to 1500 psia. , 

d. Perform bubble leak check on turbine inlet and outlet 
duct seals (external leakage) . 

*This valve is required to allow pressurization of gas generator and 
turbine for leak checks and has not been identified in the DIUd. 
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e. Reduce accumulator pressure to 19 psia, 

f. Close gas generator main propellant, and isolation valves 
and open overboard dump valve, 

g. Connect helium pressurization line to main LO 2 quick- 
disconnect coupling, 

h. Open GO 2 propellant and Isolation valves, 

i. Pressurize system to 30 psia, , 

3 , Perform bubble leak test on GO 2 outlet and overboard 
ducting flanges of compressor texternal leakage) . 
k* Reduce main LO 2 tank pressure to 19 psia, 

1, Close GO 2 propellant and isolation valves, 
ra. Disconnect pressurization, systems, 

n. Connect cold-gas turbine drive ground support equipment, 

o. Activate cold gas turbine drive gas, 

p. Verify turbocompressor speed instrumentation, 

q. Deactive cold-gas turbine drive ground support equipment, 

r. Disconnect cold-gas turbine drive ground support equipment. 
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MAINTENANCE PROCEDURE 
LRU Booster GO^ Check Valve Package 

Orblter GO^ Check Valve Package 



SYSTEM “ Auxiliary Propulsion 

SUBSYSTEM ~ Booster Oxygen Conditioning, Orbiter Propellant Conditioning 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 3/4 hour 
PROCEDURE 

1, REMOVAL 

a* Cut brazed sleeves with cutting tool, 

fa. Remove check valve package and clean propellant lines, 

2, REPLACEMENT 

a. Install replacement check valve package, verify installation 
in proper direction, braze sleeves to propellant lines, 

b. Remove brazing equipment and perform visual inspection. 

3, RETEST 

a. Verify accumulator isolation valves closed in affected 
subsystem, 

b. Connect helium pressurization line to GO 2 quick-disconnect 
coupling, 

c. Verify compressor GO 2 propellant and isolation valves (booster) 
or LO 2 pump suction and isolation valves (orbiter) closed. 

d. Pressurize accumulators to 15U0 psia, 

e. Monitor accumulator pressure for decay, (Downstream leak 
check, internal leak check) , 

f. Pressurize upstream side to 1500 psia, (Upstream leak 
check. Internal leak check) , 

g. Reduce pressure in accumulators and verify check valve operation, 

h. Perform external bubble leak check if required. 

i. Reduce system pressure to 19 psia. 

j. Disconnect pressurization system. 
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MAINTENANCE PROCEDURE 


LRU 


Booster 

Turbine 

LRU 


Orbiter 

Turbine 


SYSTEM - Auxiliary Propulsion 

SUBSYSTEM - Booster Hydrogen Conditioning, Booster Oxygen Conditioning, 
Booster APU, Orbiter Propellant Conditioning 

ASSEMBLY - N/A 

COMPONENT - N/A 

TASK TIME - 4 hours 

PROCEDURE (Refer to Figure C-5) 

1. REMOVAL 

a. Disconnect electrical instrumentation. 

b. Remove mounting bolts from gas generator and overboard 
ducting flanges. 

c. Disconnect rotor shaft coupling, 

d. Remove mounting bolts from mounting pads and remove turbine. 

e. Remove inlet and outlet duct seals and clean. 

2. REPLACEMENT 


a. Install replacement inlet and outlet duct seals. 

b. Install replacement turbine, 

c. Install mounting bolts in mounting pads and inlet and 
outlet flanges. 

d. Connect rotor shaft coupling, 

e. Connect electrical instrumentation. 

3. RETEST 

a. Close turbine overboard dump valve,* 

b* Open gas generator main propellant and Isolation valves. 

c. Pressurize appropriate accumulators to 1500 psia, 

d. Perform bubble leak check on turbine inlet and outlet 
duct seals (external leakage), 

e. Reduce accumulator pressure to 19 psia. 

f. Close gas generator main propellant and isolation valves 
and open overboard dump valve, 

g. Disconnect pressurization system. 

*This valve is required to allow pressurization of gas generator and 
turbine for leak checks and has not been identified in the DRM. 
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h. Connect cold-gas turbine drive ground support equipment, 

i. Activate cold-gas turbine drive gas, 

j . Verify turbine speed instrumentation and proper operation 
of turbine-driven equipment, 

k. Deactivate cold-gas turbine drive gas. 

l. Disconnect cold-gas turbine drive ground support equipment. 
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MAIKTENAMCE PROCEDURE 

LRU @ , @ Orbiter /Booster GH„ Manual Valve 
LRU @ 4 6^ Orbiter /Booster GO „ Manual Valve 


SYSTEM - Auxiliary Propulsion 

SUBSYSTEM — Booster /Orbiter Propellant Management 
ASSEMBLY - N/A 
COMPOMEHT - N/A 
TASK TIME - 3/4 hour 
PROCEDURE 

1. REMOVAL 

a. Cut brazed sleeves with cutting tool. 

b. Remove valve and clean propellant fill lines. 

2. REPLACEMENT 

a. Install replacement valve and braze sleeves to propellant 
fill lines. 

b. Remove brazing equipment and perform visual inspection, 

3. RETEST 

a. Verify accumulator isolation valves closed in affected 
subsystem (O 2 or H 2 ) . 

b. Connect helium pressurization line to appropriate quick- 
dlsconnect coupling. 

c. Verify manual valve closed, 

d. Pressurize accumulators to 1500 psia. 

e. Monitor accumulator pressure for decay, 

f» If pressure decay noted, perform bubble leak test on 
replaced valve to verify, 

g. Cycle valve open and closed to verify operation, 

h. Reduce accumulator pressure to 19 psia, 
i« Disconnect pressurization system. 
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MAINTENANCE PROCEDURE 

LRU @ . (23) Orbiter/Booster GH^ Relief Valve 
LRU @ @ Orb Iter /Boos ter GO^ Relief Valve 


SYSTEM - Auxiliary Propulsion 

SUBSYSTEM - Booster/Orbiter Propellant Management 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 3/4 hour 
PROCEDURE 

1. REMOVAL 

a. Cut brazed sleeves with cutting tool, 

b. Remove valve and clean propellant fill lines, 

2. REPLACEMENT 

a. , Install replacement valve and braze sleeves to propellant 

fill lines, 

b. Remove brazing equipment and perform visual inspection, 

3. RETEST - — 

a. Verify accumulator isolation valves closed in affected 
subsystem (O 2 or H 2 ) , 

b. Connect helium pressurization line to appropriate quick- 
disconnect coupling, 

c. Pressurize accumulators to 1500 psia, 

d. Monitor accumulator pressure for delay, 

e» If pressure decay noted, perform bubble leak test on 
replaced valve to verify, 

f. Reduce accumulator pressure to 19 psia, 

g. Disconnect pressurization system. 
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I^INTENANCE PROCEDURE 

LRU @ . @ Orblter/Booster GH^ Quick-Dlsconnect/Solenold Valve Package 
LRU Orbiter/Booster GO„ Quick~Dlsconnect/ Solenoid Valve Package 

SYSTEM - Auxiliary Propulsion 

SUBSYSTEM - Booster/Orbiter Propellant Management 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 1 hour 
PROCEDURE 

1. REMOVAL 

a. Disconnect electrical control and Instrumentation, 

b. Cut brazed sleeves with cutting tool, 

c. Remove mounting bolts from vehicle structure mounting 
flange on coupling, 

d. Remove valve package and clean propellant fill lines. 

2. REPLACEMENT 

I 

a. Install replacement valve package, 

b. Install mounting bolts in vehicle structure mounting flange 
on coupling, 

c. Braze sleeves to propellant fill lines. 

d. Remove brazing equipment and perform visual inspection. 

e. Connect electrical control and instrumentation, 

3. RETEST 

a. Apply 28 vdc electrical actuation signal to solenoid valve and 
verify response with position indicator instrumentation. 

b. Verify accumulator isolation valves closed in affected sub- 
system (0^ or H 2 ) , 

c. Connect helium pressurization line to appropriate quick- 
disconnect coupling, 

d. Open solenoid valve and pressurize accumulators to 1500 psia, 

e. Close solenoid valve and remove pressurization line, 

f. Monitor accumulator pressure for decay (internal leakage), 

g. Perform bubble leak test on brazed sleeve (external leakage) . 

h. Open solenoid valve and perform bubble leak test on 
quick-disconnect coupling, 

i. Close solenoid valve and connect pressurization line, 

j. Open solenoid valve and reduce accumulator pressure to 19 psia, 

k. Disconnect pressurization system. 
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MAINTENANCE PROCEDURE 

LRU @ Booster/Orbiter G0„ Regulator Package 
LRU @ Booster /Orbiter GH„ Regulator Package 


SYSTEM - Auxiliary Propulsion 

SUBSYSTEM - Booster/Orbiter Propellant Management 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 1 hour 
PROCEDURE 

1. REMOVAL 

a. Disconnect electrical control and instrumentation. 
b» Cut brazed sleeves with cutting tool, 

c. Remove mounting bolts from vehicle structure mounting pads, 

d. Remove regulator package and clean propellant distribution 
lines. 

2. REPLACEMENT 

a. Install replacement regulator package, 

b. Install mounting bolts in vehicle structure mounting pads, 

c. Braze_sleeves to propellant distribution lines. 

d. Remove brazing equipment and perform visual inspection. 

e. Connect electrical control and instrumentation, 

3. RETEST 

a. Apply 23 vdc electrical actuation signal to each regulator 
and verify response. 

b. Verify accumulator isolation valves closed in affected sub- 
system (0^ or H^) • 

c. Connect helium pressurization line to appropriate quick- 
disconnect coupling. 

d. Close accumulator isolation valve in parallel regulator package, 

e. Pressurize accumulators to 1500 psia, 

f. Perforin bubble leak check on brazed sleeves (external leakage), 

g. Verify proper pressure In propellant feed lines, 

h. Reduce system pressure (accumulators and feed lines to 19 psia.) 

i. Disconnect pressurization system. 
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MAINTENANCE PROCEDURE 
LRU Orblter LH^ Pump 


SYSTEM - Orbiter Auxiliary Propulsion 
SUBSYSTEM - APS Propellant Conditioning 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 4 hours 
PROCEDURE (Refer to Figure C-6) 

1 . REMOVAL 

a. Drain gearbox lubration system, 

b. Disconnect electrical instrumentation. 

c. Cut brazed sleeves on pump suction and discharge lines 
with cutting tool, 

d. Remove mounting bolts from gearbox and mounting flanges, 

e. Remove LH2 pump and clean lines, 

f. Remove gearbox/pump seals. 

2. REPLACEMENT 

a. Install replacement gearbox/pump seals. 

b. Install replacement pump, 

c. Install mounting bolts in gearbox and mounting flanges. 

d. Braze pump s uctio n and discharge lines, 

e. Remove brazing equipment and perform visual inspection, 

f. Connect electrical instrumentation, 

g. Replace gearbox lubrication oil, 

3 . RETEST 

a. Verify gearbox lubrication oil level, 

b. Pressurize APS hydrogen accumulators and on-orbit LH^ 
tanks to 30 psia, 

c. Open pump isolation and suction valves. 

d. Perform bubble leak check on pvimp suction and discharge 
line brazed connections, 

e. Reduce system pressure to 19 psia. 

f. Close pump suction and isolation valve. 

g. Disconnect pressurization system. 

h. Connect cold-gas turbine drive ground support equipment. 

i. Activate cold -gas turbine drive gas, 

j . Verify pump speed instrumentation and lubrication system 
operation, 

k. I Perfora visual inspection for gearbox/pump seal leakage. 

l. Deactivate cold-gas turbine drive gas, 

m. Disconnect cold-gas turbine drive ground support equipment. 
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MAIMTENAICE PROCEDURE 
LRU @ Orbiter LO^ Pump 


SYSTEM - Orbiter Auxiliary Propulsion 
SUBSYSTEM - APS Propellant Conditioning 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 4 hours 
PROCEDURE (Refer to Figure C-6) 

1. REMOVAL 

a. Drain gearbox lubrication system. 

b. Disconnect electrical instrumentation. 

c. Cut brazed sleeves on pump suction and discharge lines 
with cutting tool. 

d. Remove mounting bolts from gearbox and mounting flanges, 

d. Remove LO 2 pump and clean lines. 

f. Remove gearbox/pump seals. 

2. REPLACEMENT 

a. Install replacement gearbox/pump seals. 

b. Install replacement pump. 

c. Install mounting bolts in gearbox and mounting flanges. 

d. Braze-pump suction and discharge lines. 

e. Remove brazing equipment and perform visual inspection. 

f. Connect electrical Instrumentation. 

g. Replace gearbox lubrication oil. 

3. RETEST 

a. Verify gearbox lubrication oil level. 

b. Pressure APS oxygen accumulators and on-orbit LO tanks to 30 psia. 

c. Open pump isolation and suction valves.- 

d. Perform bubble leak check on pump suction and discharge line 
brazed connections. 

e. Reduce system pressure to 19 psia. 

f. Close pump suction and isolation valves. 

g. Disconnect pressurization system. 

h. Connect cold-gas turbine drive ground support equipment. 

i. Actuate cold-gas turbine drive gas. 

j. Verify pump speed instrumentation and lubrication system operation. 

k. Perform visual inspection for gearbox pump seal leakage. 

l. Deactivate cold-gas turbine drive gas. 

m. Disconnect cold- gas turbine drive ground support equipment. 
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Gearbox 



•Electrical harness includes pump speed instrumentation. 


•Pump mounting flanges have removable seals. 


fig. c -6 Typical LH2/LO2 Pump Removal and Replacement 
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MAINTENANCE PROCEDURE 
LRU dl) Or biter LO„ Heat Exchanger 


SYSTEM - Orbiter Auxiliary Propulsion 
SUBSYSTEM - APS Propellant Conditioning 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 2 hours 
PROCEDURE (Refer to Figure G-7) 

1. REMOVAL 

' a. Disconnect electrical instrumentation. 

b. Cut brazed sleeves with cutting tool. 

c. Remove mounting bolts from turbine exhaust and overboard 
ducting flanges. 

d. Remove heat exchanger and clean lines. 

e. Remove seals from ducting flanges. 

2. REPLACEMENT 

a. Install replacement ducting seals. 

b. Install replacement heat exchanger. 

c. ' Install mounting bolts in turbine exhaust and overboard 

ducting flanges. 

d. Braze heat exchanger inlet and outlet lines. 

e. Remove brazing equipment and perform visual inspection. 

f. Connect electrical instrumentation. 

3. RETEST 

a. Pressurize APS oxygen accumulators and on-orbit L0„ tanks to 30 psia 

b. Open LO^ pump isolation and suction valves. 

c. Perform bubble leak check on heat exchanger inlet and outlet 
brazed connections (external leakage). 

d. Close LO 2 pump suction and isolation valves. 

e. Close turbine overboard dump valve*. 

f. Increase APS oxygen accumulator pressure to 1500 psia. 


* This valve is required to allow pressurization of gas generator and 
turbine "for leak checks and has not been identified in the DRM. 
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g. Open gas generator main G0„ and isolation valves and 
pressurize gas generator, turbine, and heat exchanger 
to 1500 psia. 

h. Monitor LO 2 pump discharge pressure (internal leakage) 
and perform bubble leak check on turbine exhaust and 
overboard ducting seals (external leakage). 

i. Reduce accumulator pressure to 19 psia. 

j. Close gas generator maxn GO^ and isolation valves and 
open overboard dump valve. 

k. Disconnect pressurization system. 



MAINTENANCE PROCEDURE 
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LRU Orblter LH „ Heat Exchanger 

SYSTEM - Orbiter Auxiliary Propulsion 
SUBSYSTEM - APS Propellant Conditioning 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 2 hours 

PROCEDURE (Refer to Pigure C-7) 

1. REMOVAL 

a. Disconnect electrical instrumentation. 

b. Cut brazed sleeves with cutting tool. 

c. Remove mounting bolts from turbine exhaust and overboard 
ducting flanges. 

d. Remove heat exchanger and clean lines. 

e. Remove seals from ducting flanges. 

2. REPLACEMENT 

a. Install replacement ducting seals. 

b. Install replacement heat exchanger. 

c. Install mounting bolts in turbine exhaust and overboard 
ducting flanges. 

d. Braze heat exchanger inlet and outlet lines. 

e. Remove brazing equipment and perform visual inspection. ‘ 

f. Connect electrical instrumentation. 

3. RETEST 

a. Pressurize APS hydrogen accumulators and on-orbit LH_ tanks 
to 30 psia. 

b. Open LHg pump isolation and suction ^valves . 

c. Perform bubble leak check on heat exchanger in]et and outlet 
brazed connections (external leakage) . 

d. Close LH^ pump suction and isolation valves. 

e. Close turbine overboard dump valve*. 

f. Increase APS hydrogen accumulator pressure to 1500 psia 

g. Open gas generator main GH^ and isolation valves and 
pressurize gas generator, '^turbine, and heat exchanger 
to 1500 psia. 

h. Monitor LH pump discharge pressure (internal leakage) and 
perform bubble leak check on turbine exhaust and overboard 
ducting seals (external leakage). 


* This valve is required to allow pressurization of gas generator and 
turbine for leak checks and has not been identified in the DRM. 
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1 . Reduce accumulator pressure to 19 psia. 

j. Close gas generator mam GH 2 and isolation valves and 
open overboard dump valve. 

k. Disconnect pressurization system. 
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Harness 

• Electrical harness includes pressure and temperature 
instrumentation circuits. 

• Flanges have removable seals. 


Pig. c-7 


Typical Orbiter LH 2 , LOj Heat Exchanger 
Removal and Replacement 
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MAINTENAIjiCE PROCEDDRE 
LRU O Orbiter Power Train Unit 


SYSTEM - Orbiter Auxiliary Propulsion 
SUBSYSTEM - APS Propellant Conditioning 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 6 hours 
PROCEDURE (Refer to Figure C-7) 

1. REMOVAL 

a. Drain gearbox lubrication system. 

b. Disconnect electrical harness. 

c. Remove mounting bolts from LH^ and LO^ pump mounting 
flanges, remove pumps and pump seal. 

d. Disconnect turbine and APU power shafts. 

e. Remove mounting bolts from mounting pads. 

f. Remove power train unit. 

2. REPLACEMENT 

a. Install replacement power train unit. 

b. Install mounting bolts in mounting pads. 

c. Connect turbine and APU power shafts. 

d. Replace pump seals. 

e. Install^LO^ 3ud LH^ pumps and mounting bolts. 

f. Connect electrical harness. 

g. Replace gearbox lubrication system oil and perform 

visual inspection. ^ 

3. RETEST 

a. Verify gearbox lubrication system oil level. 

b. Connect cold-gas turbine drive ground support equipment 

c. Verify turbine overboard dump valve open*. 

d. Activate cold-gas turbine drive gas. 

e. Activate gearbox control and verify APU, LH^ pump, and LO 2 
pump operation. 

f. Verify lubrication system instrumentation and operation. 

g. Perform visual inspection for pump seal leakage. 

h. Deactivate cold-gas turbine drive gas. 

i. Disconnect cold-gas turbine drive ground support equipment. 


* This valve is required to allow pressurization of gas generator and 
turbine for leak checks and has not been identified in the DRM. 



C-97 


Top View 


Electrical Harness 



•Electrical harness includes clutch and gearbox control 
and instrumentation circuits. 

•Pump mounting flanges have removable seals. 


Fig. c-8 Orbiter Power Train Unit Removal and Replacement 
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MAINTENANCE PROCEDURE 



SYSTEM - Orbiter Auxiliary Propulsion 
SUBSYSTEM - APS Propellant Conditioning 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 1 hour 
PROCEDURE 

1. REMOVAL 

a. Disconnect electrical control and instrumentation. 

b. Cut brazed sleeves with cutting tool. 

c. Remove valve package and clean suction lines. 

2. REPLACEMENT 

a. Install replacement valve package and braze sleeves to 
suction lines. 

b. Remove brazing equipment and perform visual inspection. 

c. Connect electrical control and instrumentation, 

3. RETEST 

a. , Apply 28 VDC electrical activation signal to each solenoid 

valve and verify response with position indicator instrumentation. 

b. Close both solenoid valves, 

c. Connect helium pressurization line and pressurize on-orbit LO 

tank to 30 psia. ^ 

d. Monitor tank pressure for decay with: 

1) Suction valve closed, isolation valve open, 

2) Suction valve open, isolation valve closed. 

e. Perform bubble leak test on brazed joints with both valves 
open (external leakage). 

f. Reduce system pressure to 19 psia. 

g. Close pump suction and isolation valves. 

h. Disconnect pressurization system. 
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LRUs Airbreathing Propulsion System 

This section of Appendix C contains the maintenance 
procedures for the Booster and Orbiter Airbreathing 
Propulsion Systems. The maintenance procedures for the 
LRUs within the turbofan engine are also included in 
this section. 
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MAINTENANCE PROCEDURE 


LRU (T) Turbo fan Engine 


SYSTEM - Booster Airbreathing Propulsion 
SUBSYSTEM - Turbofan Engine 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 6 hours 
SPECIAL CONSIDERATIONS 

A, New engine has experienced "hot firing" acceptance test. 

B, Electrical, pneumatic and hydraulic connections are minimized. 

C, A ferry mission will occur prior to launch so that engine can be 
fired after installation, 

PROCEDURE (Refer to Figure C-9) 

1. REMOVAL 

PRECAUTION - Vent associated subsystems to ambient pressure. 

a. Remove upper wing box panel (see following Figure ) . 

b. Disconnect electrical, pneumatic and hydraulic connections, 

c. Install engine removal ground support equipment. 

d. Remove engine mounting brackets, 

e. Raise engine from wing compartment with ground support 
equipment . 

f. Secure electrical, pneumatic and hydraulic connections, 

2. REPLACEMENT 

a. Lower engine into wing compartment with ground support 
equipment . 

b. Install engine mounting brackets, 

c. Remove ground support equipment. 

d. Make electrical, pneumatic and hydraulic connections, 

e. Perform retest procedure below. 

f. Install upper wing box panel. 

g. Return system to secured state. 

3. RETEST 

a. Helium leak test fuel system connections, 

(Pressure Decay Test through Propellant Management System). 

b. Electrical Continuity, 

c. Perform engine start dry simulation test. 
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PRim)ING PAGjESMW not filmed 

MAINTENANCE PROCEDURE 

LRU (T) Cruise Tank Vent Disconnect Coupling 


SYSTEM - Booster Airbreathitig Propulsion 
SUBSYSTEM - Propellant Management 
ASSEMBLY - N/A 
COEIPQNENT - N/A 
TASK TIME - 3/4 hour 
PROCEDURE 

1. REl’lOVAL 

PRECAUTION — Vent subsystem to ambient pressure. 

a. Remove bolts from flanges, 

b. Remove sealing devices. 

c. Remove structural mounts, 

d. Remove coupling half, 

2. REPLACEMENT 

a. Install sealing devices after cleaning seal surfaces. 
b» Make structural attachments. 

c. Install bolts and torque per specified value and 
sequence, 

d. Perform Retest Procedure specified below. 

e. Return system to secured state. 

3. RETEST 

a. Leak test bolted flange connections by: 

1) Attaching GSE to newly installed coupling, 

2) Close tank vent valves 

3) Pressurize through GSE with 20 psia helium, 

4) Bubble test flanges for leaks. 
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tlAiaiENAMCE PROCEDURE 
LRU Cruise Tank Fill Valve 


SYSTEM “ Booster Airbreathing Propulsion 
SUBSYSTEM - Propellant Management 

ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 3/4 hour _ 

PROCEDURE 

1. REMOVAL 

PRECAUTION - Vent subsystem, to ambient pressure. 

a. Remove electrical connections and secure wiring, 

b. Disconnect flange bolts and remove sealing devices. 

c. Remove valve, 

2. REPLACEMENT 

a. Clean sealing surfaces as required. 

b. Install new valve and new sealing devices, 

c. Install flange bolts and torque to specified value and 
sequence, 

d. Perform retest described below, 

e. Return system to secured state. 

3 . RETEST 

a. Leak Test - Pressurise Cruise Tank with 20 psia He, Monitor 
Cruise Tank pressure for decay. (This leak tests the valve 
flange closest to the cruise tank) . Open the Fill Valve and 
monitor Cruise Tank pressure for decay, (This leak tests 
the valve flange furthest from the tank) . 

b. Electrical - During leak test verify valve positions and 
continuity. 
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MAINTENANCE PROCEDURE 
LRU Cruise Tank. Fill Coupling 

SYSTEM ~ Booster Airbreathing Propulsion 
SUBSYSTEM - Propellant Management 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 3/4 hour 
PROCEDURE 

1, REMOVAL 

PRECAUTION - Vent subsystem to ambient pressure, 

a. Remove bolts from flanges. 

b. Remove sealing devices. 

c. Remove structural mounts. 

d. Remove coupling half. 

2, REPLACEMENT 

a. Install sealing devices after cleaning sealing surfaces, 

b. Make structural attachments. 

c. Install bolts and torque per specified value and sequence, ' 
* d. Perform Retest Procedure specified below. 

e. Return system to secured state. 

3, RETEST 

a. Leak test bolted flange connections by: 

1) Attach helium supply to fill coupling. 

2) Close fill valve, 

3) Pressurize with 20 psia He, 

4) Bubble test flanges for leaks. 
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MAINTENANCE PROCEDURE 


LRU (8^ Cruise Tank Pressurization Regulator Package 


SYSTEM “ Booster Airbreathing Propulsion 
SUBSYSTEM - Pressurization 

ASSEMBLY - N/A 
COWONENT - N/A 
TASK TIME - 1 hour 

PROCEDURE 

1, REMOVAL 

PRECAUTION - Vent associated subsystems to ambient pressure, 

a. Remove electrical connections and secure wiring, 

b. Cut brazed sleeves at notched section with cutting tool, 

c. Remove welded assembly and clean remainder of sleeve from 
mating lines, 

2, REPLACEMENT 

a. Install welded assembly and perform brazing operation on 
sleeves , 

b. Connect electrical wiring, 

c. Perform Retest described below, 

d. Return system to secured state, 

3 , RETEST 

a. Leak Test ~ Load 1500 psia GH^ into APS bottles. Open 
Cruise Tank vent valves. Open solenoid valve for the 
regulator package which was just installed. Perform 
bubble leak test on regulator. connections, 

b. Electrical - Perform continuity check, 

c. Functional - Close solenoid valve for the regulator package 
which was not replaced. Open solenoid valve for new Installed 
regulator package. Close cruise tank vents, Close Fuel Dis- 
tributing Valves. With 150^ psia GH^ in APS bottles, verify 
Cruise Tank pressure at 20 - 2 psia. 



C-109 


MAINTENANCE PROCEDURE 

LRU Cruise Tank Pressurization Valve Package 


SYSTEM - Booster Airbreathing Propulsion 
SUBSYSTEM - Pressurization 
ASSEMBLY - N/A 
COMPONENT “ N/A 
TASK TIME - 1 hour 
PROCEDURE 

1. REMOVAL 

PRECAUTION - Vent associated subsystems to ambient pressure, 

a. Remove electrical connections and secure wiring, 
b* Cut brazed sleeves at notched section with cutting tool, 
c. Remove welded assembly and clean remainder of sleeve from 
mating lines, 

2. REPLACEMENT 

a. Install welded assembly and perform brazing operation on 
sleeves, 

b. Connect electrical wiring, 

c. Perform Retest described below, 

d. Return system to secured state, 

3 . RETEST 

a. Leak Test - Load 1500 psia GH 2 into APS bottles. Open 
Cruise Tank vent valves, Open newly installed solenoid 
valves. Monitor Cruise Tank for pressure decay, 

b. Electrical - During leak test verify valve positions and 
continuity. 
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MAINTENANCE PROCEDURE 
LRU @ Pressurization Filter 


SYSTEM - Booster Airbreathing Propulsion 
SUBSYSTEM - Pressurization 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK Tim - 3/4 hour 
PROCEDURE 

1, REMOVAL 

PRECAUTION “ Vent associated subsystems to ambient pressure, 

a. Cut brazed sleeves at notched section with cutting tool, 
b» Remove welded assembly and clean remainder of sleeve from 
mating lines, 

2 , REPLACEMENT 

a. Install welded assembly and perform brazing operation on 
sleeve. 

b. Perform Retest described below, 

c. Return system to secured state, 

3 , RETEST 

a. Leak Test - Load 1500 psia GH^ into APS bottles. Monitor 
APS bottles for decay, (This test will verify leakage 
integrity of brazed connections) , 
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MAINTEKANCE PROCEDURE 
LRU (?) GH„ Valve Package 
LRU (3) GO^ Valve Package 


SYSTEM - Orbiter Airbreathing Propulsion 
SUBSYSTEM - Propellant Management 

ASSEMBLY - N/A 
COMPOMENT - N/A 
TASK TIME - 1 hour 

PROCEDURE 

1. REMOVAL 

PRECAUTION - Vent associated subsystem to ambient pressure. 

a. Remove electrical connections and secure wiring, 

b. Cut brazed sleeves at notched section with cutting tool. 

c. Remove welded assembly and clean remainder of sleeve from 
mating lines. 

2. REPLACEMENT 

a. Install new valve package and perform brazing operation 
on sleeves. 

b. Connect electrical wiring, 

c. Perform Retest described below, 

d. Return system to secured state, 

3. RETEST 

a. Leak Test - Pressurize APS bottles with 1500 psia He, Monitor 
bottles for pressure decay. (This leak tests the upstream 
brazed sleeve connection) . Open valves and monitor bottles 
for pressure decay, (This leak tests the downstream brazed 
sleeve connection) . 

b. Electrical - During leak test verify valve positions. 
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MAINTENANCE PROCEDURE 
LRU Gas Generator Assembly 


SYSTEM - Orbiter Airbreathing Propulsion 
SUBSYSTEM - Propellant Management 

ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 2 hours 

PROCEDURE 

1. REMOVAL 

PRECAUTION - Vent associated subsystems to ambient pressure, 

a. Remove electrical connections and secure wiring, 

b. Disconnect bolts at turbopump inlet duct, 

c. Cut brazed sleeves at inlet/outlet ports with cutting tool. 

d. Remove gas generator assembly and clean remainder of brazed 
sleeve from mating lines, 

2. REPLACEMENT 

a. Install new gas generator assembly and perform brazing 
operation on sleeves, 

b. Install new seal at turbopumps inlet duct and bolt flanges 
together using specified torque value and tightening sequence, 

c. Connect electrical wiring, 

d. Perform Retest described below, 

e. Return system to secured state, 

3. RETEST 

a. Leak Test - Pressurize GO^ APS bottles with 1500 psia He, 

Open GO^ valves at inlet to gas generator assembly. Monitor 
for pressure decay at GO 2 bottles. (This leak tests the 
brazed sleeve connection at GO^ valve and the turbopump inlet 
duct bolted flange). Vent G02‘‘bottles and close GO 2 valve. 
Perform same procedure using GH 2 bottles and GH 2 inlet valves. 

b. Electrical - Apply electrical power and monitor current and 
voltage at Igniter plug. During leak test verify GO 2 and GH 2 
valve positions. 
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MAINTENANCE PROCEDURE 
LRU (?) LH^ Valva Package 


SYSTEM - Orbiter Airbreathing Propulsion 
SUBSYSTEM - Propellant Management 

ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 1 hour 

PROCEDURE 

1. REMOVAL 

PRECAUTION - Vent associated subsystem, to ambient pressure • 

a. Remove electrical connections and secure wiring. 

b» Cut brazed sleeves at notched section with cutting tool. 

c> Remove welded assembly and clean remainder of sleeve from 
mating lines. 

2. REPLACEMENT 

a. Install new valve package and perform brazing operation 
on sleeves. 

b. Connect electrical wiring. 

c. Perform Retest described below, 

d. Return system to secured state. 

3 . RETEST 

a. Leak Test - Pressurize on-orbit LH„ tanks with 20 psia He, 
Monitor tank pressure for decay. (This leak tests the 
upstream sleeve on the replaced LRU package) . Open the 
solenoid valves on the replaced package and again monitor , 
on-orbit LH 2 tanks for pressure decay, (This leak tests 
the downstream sleeve on the replaced LRU package) . 

b. Electrical - During leak test verify valve positions and 
continuity. 
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MAINTENANCE PROCEDURE 
LRU ( 7 ) Turbopximp Assembly 


SYSTEM* - Orbiter Airbreathing Propulsion 
SUBSYSTEM - Propellant Management 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME--5- 2 hours 


PROCEDURE 

1. REMOVAL 

PRECAUTION - Vent associated subsystems to ambient pressure. 

a. Remove electrical connections and secure wiring, 

b. Disconnect bolts at Gas Generator Assembly outlet duct. 

c. Cut brazed sleeves at suction and discharge sides of the 
pump with cutting tool, 

d. Remove turbopump assembly and clean remainder of brazed 
sleeves from mating lines, 

2. REPLACEMENT 

a. Install new turbopump assembly and perform brazing operation 
on sleeves. 

b. Install new seal at turbopump inlet duct and bolt flanges 
together using specified torque value and tightening sequence, 

c. Connect electrical wiring, 

d. Perform retest described below, 

e. Return system to secured state, 

3. RETEST 

a. Leak Test - Pressurize G0„ APS bottles with 1500 psia He, 

Open GO 2 valves at inlet to Gas Generator Assembly, Monitor 
for pressure decay at GO^ bottles, (This leak tests, the seal 
at the turbopump inlet duct) . Vent GO 2 APS bottles and close 
GO 2 valves. Pressurize on-orbit LH„ tanks with 20 psia He. 
Open LH 2 valves at inlet to pump, mnitor LH 2 tank pressure 
for decay, (This leak tests the brazed connections at suction 
and discharge sides of the pump) , 

b. Electrical - Verify valve positions during leak test. 
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MAIHTEKAMCE PROCEDURE 
LRU (s) Check Valve Package 


SYSTEM - Orbiter Airbreathing Propulsion 
SUBSYSTEM - Propellant Management 

ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 3/4 hour 

PROCEDURE 

1, REMOVAL 

PRECAUTION - Vent associated subsystems to ambient pressure, 

a* Cut brazed sleeves at notched section with cutting tool, 

b. Remove valve package and clean remainder of sleeve from 
mating lines. 

2, REPLACEMENT 

a. Install new valve package and perform brazing, operation 
on sleeves. 

b. Perform Retest described below, 

c. Return system to secured state. 

3 , RETEST 

a. Leak Test - Pressurize on-orbit LH^ tanks with 20 psia He, 

Open LH 2 valves at inlet to turbopump. Monitor LH^ tank 
pressure for decay, (This technique will simultaneously 
leak check both the upstream and downstream brazed connections. 
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MAIMTENANCE PROCEDURE 


LRU (?) Fuel Control Assembly 


SYSTEM - Booster/Orbiter Airbreathing Propulsion 

/ 

SUBSYSTEM - Turbofan Engine 
ASSEMBLY - N/A 

COMPONENT - N/A 
TASK TIME - 3 hours 


PROCEDURE 

1. REMOVAL 

PRECAUTION - Vent associated subsystems to ambient pressure, 

a. Remove electrical connections to component modular package. 

b* Remove electrical connections to electronic controller, 

c* Disconnect plumbing connections to component modular 
package and remove the package. 

d. Remove electronic controller. 

2. REPLACEMENT 

a. Install new, preprogrammed. Electronic Controller. 

b. Install component modular package and connect plumbing 
lines . 

c. Make electrical connections. 

d. Perform Retest described below, 

e. Return system to secured state. 

3. RETEST 

a. Leak Test - Pressurize Propellant Management Subsystem 
with heliumi Open valves in Fuel Control Assembly and 
bubble check plumbing connections. 

b. Electrical - Perform Dry Engine start simulation. Verify 
valve functions and Electronic Controller performance. 
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MAINTENANCE PROCEDURE 


LRU (3) Electronic Controller 


SYSTEM - Booster/Orbiter Airbreathing Propulsion 
SUBSYSTEM - Turbofan Engine " 

ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 2 hours 
PROCEDURE 

1, REMOVAL 

PRECAUTION ~ Vent associated subsystems to ambient pressure, 

a. Remove electrical connections, 
b» Remove mounting hardware, 
c. Remove electronic controller, 

2 , REPLACEMENT 

a. Install new, preprogrammed, Electronic Controller. 

b. Make electrical connections. 

c. Perform Retest described below, 

d. Return system to secured state, 

3, RETEST 

a. Electrical - Perform Dry Engine start simulation. Verify 
Electronic Controller performance, 
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MAIMIENANCE PROCEDURE 
LRU Scavenge Pump 


SYSTEM - Booster/Orbiter Airbreathing Propulsion 
SUBSYSTEM - Turbo fan Engine 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 3 hours 


PROCEDURES 

1. REMOVAL 

PRECAUTION - Vent pressure from Lubrication Assembly, 

a. Remove electrical connections and secure wiring. 

b. Drain lube oil from engine, 

c. Cut brazed sleeves at notched section with cutting tool, 

d. Remove modular package and clean remainder of sleeve from 
mating lines, 

2. REPLACEMENT 

a. Install new modular package and perform brazing operation 
on sleeves. 

b. Connect electrical wiring. 

c. Flush oil system, 
da Refill oil system. 

e. Perform retest described below. 

f. Return system to secured state, 

3. RETEST 

a. Leak Test - Function Lubrication Assembly and monitor lube 
oil pressure for decay. Perform visual inspection of con- 

^ nection for leaks during functional test, 

b. Electrical - Verify electrical connections and functions 
during leak test. 
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MAIMTENANCE PROCEDURE 
LRU r?) Oil Boost Pump or 
LRU (&) Oil Pressure Pump 


SYSTEM - Booster/Orbiter Airbreathlng Propulsion 
SUBSYSTEM - Turbofan Engine 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 2 hours 


PROCEDURES 

1. REMOVAL 

PRECAUTION - Vent pressure from Lubrication Assembly, 

a. Remove electrical connections and secure wiring, 

b. Drain lube oil from engine, 

c. Cut brazed sleeves at notched section with cutting tool. 

d. Remove pump and clean remainder of sleeve from mating lines. 

2. REPLACEMENT 


a. Install new pump and perform brazing operation on sleeves, 

b. Connect electrical wiring. 

c. Flush oil system, 

d. Refill oil system, 

e. Perform retest described below, 

f. Return system to secured state, 

3. RETEST 

a. Leak Test - Function Lubrication Assembly and monitor lube 
oil pressure for decay. Perform visual inspection of con- 
nections for leaks during functional test. 

b. Electrical - Verify electrical connections and functions 
during leak test. 
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MAINTENANCE PROCEDURE 
LRU ( 7 ) Oil Strainer 


SYSTEM - Booster/Orbiter Airbreathing Propulsion 
SUBSYSTEM - Turbofan Engine 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 1 1/2 hours 
PROCEDURE 

1. REMOVAL 

PRECAUTION - Vent pressure from Lubrication Assembly, 

a. Drain lube oil from engine. 

b. Disconnect threaded fittings and remove oil strainer. 

c. Visually inspect sealing surfaces for damage (if damaged 
refinish surface as specified by procedures) . 

2. REPLACEMENT 

a. Install new oil strainer and torque threaded fittings as 
specified ■ 

b. Flush oil system. 

c. Refill oil system. 

d. Perform retest described below. 

e. Return system to secured state. 

3 . RETEST 

a. Leak Test - Function Lubrication Assembly and monitor lube 
oil pressure for decay. Perform visual inspection of 
connections for leaks during functional tests, 

b. Electrical - Verify electrical connections and functions 
during leak test. 
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MAINTENAHCE PROCEDURE 
LRU Boost Pump Relief Valve or 
LRU Ci) Boost Pump Regulating Valve or 
LRU @ Main Pressure Regulating Valve 


SYSTEM - Booster/Orbiter Airbreathing Propulsion 
SUBSYSTEM - Turbofan Engine 
ASSEMBL Y - N/A 
COMPONENT - N/A 
TASK TIME - 2 hours 


PROCEDURE 

1, REMOVAL 

PRECAUTION - Vent pressure from Lubrication Assembly, 

a. Remove electrical connections and secure wiring. 

b. Drain lube oil from engine, 

c. Cut brazed sleeves at notched section with cutting tool. 

d. Remove valve and clean remainder of sleeve from mating 
lines « 

2, REPLACEMENT 

a. Install new valve and perform brazing opeSration on sleeves, 

b. Connect electrical wiring, 

c. Flush oil system. 

d. Refill oil system, 

e. Perform retest described below. 

f. Return system to secured state, 

3, RETEST 

a. Leak Test - Function Lubrication Assembly and monitor lube 
oil pressure for decay. Perform visual inspection of con- 
nections for leaks during functional test, 

b. Electrical - Verify electrical connections and functions 
during leak test. 
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MAINTENANCE PROCEDURE 


LRU (O) Zero-G Luba Pressure System 


SYSTEM - Orbiter Airbreathing Propulsion 
SUBSYSTEM - Turbofan Engine 
ASSEMBLY -* N/A 
COMPONENT - N/A 
TASK TIME - 3 hours 


PROCEDURE 

1. REMOVAL 

PRECAUTION - Vent pressure in Lubrication Assembly to ambient. 

a. Remove electrical connections and secure wiring. 

b. Drain lube oil from engine, 

c» Cut brazed sleeves at notched section with cutting tool, 
d. Remove modular package and clean remainder of sleeve from 
mating lines. 

2. REPLACEMENT 

a. Install new modular package and perform brazing operation 
on sleeves. 

b. Connect electrical wiring. 

c . Flush oil system, 

d. Refill oil system. 

e. Perform retest described below. 

f. Return system to secured state, 

3. RETEST 

a. Leak Test ” Pressurize gas container in zero-g lube pressure 
system with gaseous nitrogen. Function the zero-g pressure 
system and monitor lube oil pressure for decay. 

b. Electrical - Verify zero-g lube system is functioning. 
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MAINTENANCE PROCEDURE 
LRU @ Ignition Exciter 


SYSTEM - Booster /Orbiter Airbreathing Propulsion 
SUBSYSTEM ~ Turbofan Engine 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 1 hour 


PROCEDURE 

1. REMOVAL 

a» Remove electrical connections from ignition compositor 
arid” ignition exciter . 

b. Remove ignition compositor from Ignition exciter, 

c. Remove ignition exciter. 

2. REPLACEMENT 

a. Install new ignition exciter, 

b. Re-install ignition compositor on ignitxon exciter. 

c* Install electrical connections, 

d . Perform retest described below. 

3. RETEST 

a» Electrical - Apply electrical power to ignition exciter. 
Monitor input voltage and current to exciter; output 
voltage and current from ignition compositor. Visually 
evaluate spark at ignition plug. 
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tlAINTENANCE PROCEDURE 
LRU Ignition Compositor 


SYSTEM - Booster/Orbiter Airbreathing Propulsion 

SUBSYSTEM - Turbo fan Engine 

ASSEMBLY - N/A 
\ 

COMPONEMT - N/A 
TASK TIME - 1 hour 
PROCEDURE 

1. REMOVAL 

a» Remove electrical connections from ignition compositor 
and ignition exciter* 

b. Remove ignition compositor from ignition exciter. 

2. REPLACEMENT 

a. Install new ignition compositor, 

b. Install electrical connections. 

c. Perform retest described below, 

3. RETEST 

a. Electrical - Apply electrical power to Ignition exciter. 

Monitor input voltage and current to exciter; output voltage 
and current from ignition compositor. Visually evaluate 
spark at ignition plug. 
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MAINTENANCE PROCEDURE 
LRU Ignition Plug 


SYSTEM “ Booster/Orbiter Airbreathing Propulsion 
SUBSYSTEM - Turbofan Engine 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 1 hour 


PROCEDURE 

1. REMOVAL 

a« Remove electrical connections. 

b. Remove ignition plug from engine power assembly burner. 

2. REPLACEMENT 

a. Install new ignition plug, 

b. Install electrical connections, 

c. Perform retest described below, 

3 . RETEST 

a. Electrical - Apply electrical power to ignition exciter. 
Monitor input voltage and current to exciter; output 
voltage and current from ignition compositor. Visually 
evaluate spark at ignition plug. 
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MAINTENANCE PROCEDURE 
LRU Solid Start Cartridge 


SYSTEM - Booster/Orbiter Airbreathing Propulsion 
SUBSYSTEM - Turbofan Engine 
ASSEMBLY - N/A 
COMPONENT - N/A 
TASK TIME - 1 hour 
PROCEDURE 

1. REMOVAL 

PRECAUTION - Remove Vehicle Electrical Power prior to Start 
Cartridge Removal. 

a» Remove electrical connections, 

b. Remove cartridge. 

2. REPLACEMENT 

a. Install new start cartridge. 

b. Install electrical connections. 

c. Reconnect vehicle electrical power* 

d. Perform retest described below, 

3. RETEST " 

a. Electrical -- Apply electrical power to ignition exciter. 

Monitor input voltage and current to exciter; output voltage 
and current from ignition compositor. Visually evaluate 
spark at ignition plug. 
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This appendix replaces the Checkout and Monitoring Requirements 
Analysis, Appendix D of MCR-70-274 (Issue 1), and MCR-70-306 (Issue 3). 
A conversion has been made from a subsystem-by-subsystem analysis of 
the orbiter stage to a detailed phase-by-phase analysis to improve the 
continuity of the previous analysis and to include GSE requirements 
and the detailed measurement requirements. The result is a step-by- 
step sequence for a nominal mission, including the values expected for 
a given measurement at a given time, and justification for the required 
measurements . 

This task ■was accomplished by taking the previous analysis and 
molding the activities of each subsystem during a given phase into a 
cohesive phase analysis. This phase analysis was then evaluated against 
the subsystems requirements documentation. This procedure was followed 
through each mission phase. Finally, the detailed operations of the 
tasks that were indicated in the phase -by-phase analysis were added. 


Glossary of Symbols : 

ELEMENTS USES 


V 

= valve 

R 

= readiness 

L 

= line 

S 

= status 

E.C, 

= engine controller 

M 

= monitor 

T,F, 

- turbofan 

C 

= control 

T.R, 

= thruster 

C/0 

- checkout 


T,C, = thrust chamber 

FCA = fuel control assembly 

LA - lube assembly 

G = gas generator 

PT = power train 

TP = turbopump 

FM = flowmeter 

FH = fuel heater 

H = heat exchanger 

C = coupling 

T = tank 

GOV = LO2 valve 

GFV = LH2 valve 

EFV = engine fuel valve 

IGN - ignition 

U = turbine 

SG' - = start cartridge 

CL = clutch 

P = pump 

FD = flame detector 
COMP = compartment 
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FERRY PREFLIGHT (Continued) 


PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


F.P. 


t 

F.P. 


4 


C-8 

C-11 

T-3 

T-5 

T-6 

T-1 

T-2 

T-4 

L-17 

L«20 

L-21 

C-5/V-14 

C-X/V-7 

'L*>8 

L-9 

L-3 

L-4 

T-4 

T-4 

T-4 

T-5 

T-5 

T-5 

T-6 

T-6 

T-6 

T-5 

T-6 

T-4 

L-20 

L-21 

L-17 


LHC-7,8 

LFVC-1 

PFT-1 

P£T-2 

PfT-3 

PoT-1 

PoT-2 

PoT-3 

PoL-2 

PfL-1 

PfL-4 

PfF-1 

PoF-1 

PfS-1 

PfS-2 

PoS-1 

PoS-2 

QoT-7 

QoT-8 

QoT-9 

QfT-4 

Q£T-5 

QfT-6 

QfT-7 

Q£T-8 

QfT-9 

TfT-2 

TfT-3 

ToT-3 

T£L-1 

T£L-4 

TfL-5 

ToL-2 

ToL-4 


1 R 


b) Perform main engine readiness checks. (Include Gimbal 


c) Veri:^ all main engine covers installed. 


Make the following APS readiness checks. 


F.P, 


F.P. 

F.P. 


5 


5 

5 


T.C.-(l-37) 

T.C.-(l-37) 

T.C,-(1-37) 

T.C.-(1-37) 

T.C.-(1-37) 


PoL-8 

PoL-9 

PfL-9 

PfL-10 

LBIV-(l-37) 

LMBV-(l-37) 

LIOV-(l-37) 

VII- (1-37) 

LIFV-(l-37) 


R 

? 

1/valve =37 

. l/valve*37 ’ ' 
1/T.C.-37 R 
l/valve«37 


EXPECTED 

VALUE 

Closed 
Closed 
19 PSIA 


19 PSIA 
UNC 


? 

UNC 

AMBIENT 


f 

AMBIENT 


Locks & Ign.) 


19 PSIA 

i 

19 PSIA 
Closed 

i 

Closed 

OV 

Closed 






FERRY PREFLIGHT (Continued) 

FHA.se step element measurement SAMPLES USE 


EXPECTED 

VALUE 


F.P. 

? 

F.P. 


5 G-1 

LIOV-38 

G-l 

LIFV-38 

G-2 

LIOV-39 

G-2 

LIFV-39 

y G-3 

LIOV-40 

5 G-3 

LIFV-40 


R Closed 


1 

1 


t 1 

R Closed 


Visually verify that all RGS and CMS protective covers are installed. 
Request vehicle to close all RCS thermal protective doors and confirm. 
Perform the following A/B readiness checks . 


1 

F.P. 


6 


1 

6 


GFV-4 

LGFV-41 

GFV-4 

LGFV-4 

GFV-5 

LGFV-5I 

GFV-5 

LGFV-5 

GFV-6 

LGFV-6I 

GFV-6 

LGFV-6 

GOV-4 

LG0V-4I 

GOV*-4 

LGOV-4 

GOV-5 

LG0V-5I 

GOV-5 

LGOV-5 

GOV-6 

LG0V-6I 

GOV-6 

LGOV-6 

V-58 

LFIV-4 

V-59 

LPSV-7 

V-60 

LFIV-5 

V-61 

LPSV-8 

V-62 

LFIV-6 

V-63 

LPSV-9 

EFV-1. 

LEFV-1 

EFV-2 

LEFV-2 

EFV-3 

LEFV-3 

EFV-4 

LEFV-4 

EFV-5 

LEFV-5 

EFV-6 

LEFV-6 

EFV-7 

LEFV-7 

EFV-8 

LEFV-8 

EFV-9 

LEFV-9 

EFV-10 

LEFV-10 

EFV-11 

LEFV-11 

EFV-12 

LEFV-12 

PfL-11 

PfL-12 

PfL-13 


1 R 


t T 

1 R 


A/B E.C. “ 1^2^ 3 perform the following readiness checks. 


F.P. ' 7 FCA-1 LFIVA/B-1 1 R 

F.P. 7 FCA-1 LCPRV-1 1 R 


Closed 


f 


Closed 
19 PSIA 

i 

19 PSIA 


Closed 

Closed 
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FERRY PREFLIGHT (Continued) 

PHASE STEP ELEMEi^T MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


F.P. 


F.P. 


7 


7 


FCA-1 

LSPV-1 


. 

R 

Closed 

IGN-1 

VIlA/B-1 





OVDC 

FCA-2 

LFlVA/B-2 





Closed 

FGA-2 

LCPRV-2 






FCA-2 

LSPV-2 





Closed 

IGN-2 

VlIA/B-2 





OVDC 

FCA-3 

LFIVA/B-3 





Closed 

FCA-3 

LCPRV-3 






FCA-3 

LSPV-3 

1 

\ 

1 

Closed 

lGN-3 

VIIA/B-3 

1 


R 


OVDC 


Verify that the turbofan engine cradles are lowered and locked. 
Verify that all turbofan engine covers have been removed. 


LOAD 


Connect the Propellant Servicing and Pressurization GSE to the appropriate 
couplings and perform the following status checks: 


F.P, 




F.P. 


C-1 

C-2 

C-2 

C-5 

C -8 

C -8 

C-9 

C-10 

C-11 


LOFC-1 

LHC-1 

LHC-2 

LFFC-1 

LHC-7 

LHC-8 

LOFC-2 

LFFC-2 

LFVC-1 


Open the following valves and verify position. 


F.P. 

8 

V-7 

LOFV-1 

1 

1 

V-23 

LOIV-3 

V 


V-24 

LOTW-1 

F.P. 


V-25 

LOTW-2 


Open 


Open 


X o Open 

I i I 

Open 


Command LOX to slow transfer mode. 

Verify operation by checking 5 

F.P. 9 L-17 ToL-2 1 S 

When 

F.P, 10 T-4 QoT-7 10 /Sec C 

Command LOX helium recirculation on and LOX transfer to fast fill. 
When 


<200°R 


Covered 


F.P. 11 t-4 QoT -8 


10/Sec C Covered 




FERRY PREFT.TGHT (Continued) 

PHASE STEP ELEMENT MEASUREMENT 


EXPECTED 

SAMPLES USE VALUE 


Command LOX transfer to slow fill, and terminate helium recirculation. 
When 


F 

.P. 12 

T-4 

QoT-9 

10/Sec 

C 

Covered 


Command 

LOX 

transfer 

to mode hold. 







Verify the following: 







F, 

.P. 13 

T-4 

ToT-3 



s 

164+3°R 




L-17 

ToL-2 





164+30R 




L-17 

PoL-2 









L-3 

ToS-1 





164+3°R 




L-4 

ToS-2 





164+30R 




L-3 

PoS-1 









L-4 

PoS-2 


r 




F, 

.P. 13 

L-7 

PgRL-1 

1 

c 

) 



Check for leakage with scan cameras. 







Open V-44 5 

check 







F. 

.P. 14 

V-44 

LOFV-2 

] 


s 

1 

Open 


Off-Load 

the 

stored helium in T-8 and T-9 






F, 

,P. 15 

T-8 

PoT-4 

l/Sec 

s 


14.7 PSIA 

F. 

,P. 15 

T-9 

PoT-5 

1/Sec 

s 


14.7 PSIA 


Open V-70; 

check 







P. 

P. 16 

V-70 

LFFV-2 

1 


S 


Open 


Off-Load' 

the 

stored helium in T-10 and T-11 






F. 

P. 17 

T-10 

PfT-4 

1/Sec 

s 


14.7 PSIA 

F. 

P. 17 

T-11 

PfT-5 

1/Sec 

s 


14'. 7 PSIA 


Load T-8 

and 

T-9 with 

G02. 






F. 

P, 1! 

3 

T-8 

PoT-6 

1/Sec 

c 


1500 PSIA 

1 

1 


T-8 

, ToT-4 


1 

1 



i 



T-9 

PoT-7 


V 

1 

f 

1500 PSIA 

f: 

P. 18 

T-9 

ToT-5 

1/Sec 

c 




Compute accumulator quantity and send stop signal to the GSE at full load. 
Close V-44^ check 

F.P. 19 V-44 LOEV-2 1 S Closed 



FERRY PREFLIGHT (Continued) 


PHASE 


ELEMENT 


MEASTJREME 


Monitor 


F.P. 

20 

T-8 

PoT-6 

1 

I 

T-8 

ToT-4 

y 

f 

T-9 

PoT-7 

F.P. 

20 

T-9 

ToT-5 


for decay. 

Load T-10 and T-11 with GH2. 


F.P. 

21 

T-10 

P£T-6 

i 

1 

T-10 

TfT-4 

V 

y 

T-11 

P£T-7 

F.P. 

21 

T-11 

TfT-5 


Compute accumulator quantity and 

■* / , 

Close V-70; check 

F.P. 22 V-70 LFFV-2 

Monitor.- 


F.P. 

23 

T-10 

PfT-6 

1 

i 

T-10 

TfT-4 

¥ 

¥ 

T-11 

P£T-7 

F.P. 

23 

T-11 

T£T-5 


for decay. 

Reverify 

PoL“8 
PoL-9 
PfL-9 
PfL-10 



Command open; verify 


F.P. 

25 

V-28 

LFTW-5 

i 

1 

V-29 

LFTW-6 

? 

¥ 

V-30 

LFTW-7 

F.P. 

25 

V-31 

LFTW-8 


Command open; verify 


F.P. 

26 

V-27 

i 

t 

V-14 

F.P. 

26 

V-26 


LFIV-4 

LFFV-1 

LFIV-3 


S 
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FERRY PREFLIGHT (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


Commence slow fuel transfer to T-5 and T-6. 
Verify operation by checking; 


F.P. 

t 

F.P. 


F.P. 

F.P. 


27 

t 

27 

When both 

28 
28 


L-20 

L“21 


T-5 

T-6 


TfL-1 

TfL-4 

TfL-5 


QfT-4 

QfT-7 


1 

t 

1 


10/Sec 

10/Sec 


S 

t 

S 


c 

c 


Command fuel transfer to fast fill 
When 

F.P. 29 T-5 QfT-5 


or, 


F.P. 


30 


F.P. 


T-6 QfT-8 

Command fuel transfer to slow fill. 
When 

T-5 QfT-6 


10/Sec 


10/Sec 


31 


Or, 


F.P. 


32 


10/Sec 


10/Sec 


T-6 QfT-9 

Command fuel transfer to mode hold when the other one covers^ 
or TBD seconds after the first one covers. 

Verify no leakage with compartment detectors. 

Verify safe condition with compartment fire detectors . 
Verify; 


<50°R 

<50°R 

<50°R 


Covered 

Covered 


Covered 


Covered 


Covered 


Covered 


.P. 33 

T-5 

TfT-2 



£ 

1 

> 

36- 



T-6 

TfT-3 








L-20 

TfL-1 








L-21 

TfL-4 








L-8 

TfS-1 








L-9 

TfS-2 





36- 


r 

L-8 

PfS-1 


r 

1 




F.P. 


33 


L-9 


PfS-2 
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FERRY PREFLIGHT (Continued) 

EXPECTED 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE 

Command and verify: 

F.P. 34 V-14 LFFV-1 1 S Closed 

If 

F,P. 3S T-4 QoT-9 1 S Uncovered 

Command LOX transfer to slow fill. 

When 

F.?. 36 T-4 QoT- 9 10/sec C Covered 

Command LOX transfer to stop. 

Command and verify; 

F.P. 37 V-7 LOFV-1 1 S Closed 

If 

F.P, 38 T-5 QfT“6 1 S Uncovered 

and/ or 

F.P. 39 T-6 •QfT-9 1 S Uncovered 

t 

Command and verify 

F.P. 40 V-14 LFFV-1 1 R Open 

Command fuel transfer to slow filli 
When ■ 

F.P. 41 T-5 ' QfT-6 10/sec C Covered 

or 

F.P. 42 T-6 QfT-9 10/sec C covered 

Command fuel transfer to stop when the other covers^ or TED seconds 
after the first one covers . 

Command and verify: 

F.P. 43 V-14 LFFV-1 1 S Closed 
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FERRY PREFLIGHT (Continued) 

PHASE STEP ELEMEHT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


Command and verifyj 


F.F. 

F.P. 


44 V-24 

V-25 
V-28 
V-29 
' ' V-30 

44 V-31 


LOTW-1 

LOTW-2 

LFTW-5 

LFTW-6 

LFTW-7 

LFTW-8 


S Closed 

u j 

1 S Closed 


Pressurization 

Verify 


F.P. 45 

T-8 

PoT-6 

1 

R 

1500 PSIA 

i t 

T-9 

PoT-7 

t 

i 

1500 PSIA 

F.P. 45 

T-4 

PoT-3 

1 

R 

<30 PSIA 

Command and 

verify; 





F.P. 46 

V-33 

LOPV-2 

1 

S 

Open 

Verify 






F.P. 47 

T-4 

PoT-3 

1 

S 

35-40 PSU 

Command and 

verify; 





F.P. 48 

V-33 

LOPV-2 

1 

S 

Closed 

Command and 

verify; 





F.P. 49 

V-24 

LOTW-1 

1 

S 

Open 

F.P. . 49 

V-25 

LOTW-2 

1 

s 

Open 

Verify 5 






F.P. 50 

T-4 

PoT-3 

1 

s 

Ambient 

Command and verify; 





F.P. 51 

V-24 

LOTW-1 

1 

s 

Closed 

F.P. 51 

V-25 

LOTW-2 

1 

s 

Closed 

Command and 

verifyj 





F.P. 52 

V-32 

LOPV-1 

1 

s 

Open 

verify; 






F.P. 53 

T-4 

PoT-3 

1 

s 

35-40 PSIA 
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FERRY PREFLIGHT (Continued) 


EXPECTED 


PHASE 

STEP 

ELEMENT 

MEASUREMENT 

SAMPLES 

USE 

VALUE 

Comsnand and 

verify; 





F.P. 

54 

V-32 

LOPV-1 

1 

s 

Closed 

Verify; 






F.Po 

55 

T-10 

PfT-6 

1 

s 

1500 PSIA 

1 

i 

T-11 

PfT-7 

i 

i 

1500 PSIA 

♦ 

T 

T-5 

PfT-2 

? 


<30 PSIA 

F.P. 

55 

T-6 

PfT-3 

1 

s 

<30 PSIA 

Command and 

verify; 





F.P. 

56 

V-35 

LFPV-2 

1 

s 

Open 

Verify: 






F.P. 

57 

T-5 

PfT-2 

1 

s 

35-40 PSIA 

F.P. 

57 - 

T-6 

PfT-3 

1 

s 

35-40 PSIA 

Command and 

verify; 





F.P. 

58 

V-35 

LFPV-2 

1 

s 

Closed 

Command and 

verify; 





F.P. 

59 

V-28 

LFTW-5 

1 

s 

Open 

1 

i 

V-29 

LFTW-6 

1 

i 

1 

f 


V-30 

LFTW-7 

f 

T 

? 

F.P. 

59 

V-31 

LFTW-8 

1 

s 

Open 

Verify: 






F.P. 

60 

T-5 

PfT-2 

1 

s 

Ambient 

F.P. 

60 

T-6 

PfT-3 

1 

s 

Ambient 

Command and 

verify; 





F.P. 

61 

V-28 

LFTW-5 

1 

s 

Closed 

i 

1 

V-29 

LFTVV-6 

i 

1 

1 

? 

f 

V-30 

LFTW-7 

V 

V 

? 

F.P. 

61 

V-31 

LFTW-8 

1 

s 

Closed 

Command & verify; 


' 



F.P. 

62 

V-34 

LFPV-1 

1 

s 

Open 

Verify; 






F.P. 

63 

T-5 

PfT-2 

1 

s 

35-40 PSIA 

F.P. 

63 

T-6 

PfT-3 

1 

s 

35-40 PSIA 


7 (S 
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FERRY PREFLIGHT 
PHASE STEP 

(Continued) 

ELEMENT 

MEASUREMENT 

SAMPLES 

USE 

EXPECTED 

VALUE 


Command 

and 

verify; 









F, 

,P. 

64 

V-34 

LFPV-1 


L 


s 

1 

> 

Closed 


Monitor : 











F, 

,P. 

65 

T-4 

PoT-3 

1/Sec 

C 

1 

! 

f 

35-40 PSIA 

\ 



r 

T-5 

PfT-2 


\ 


i 




F, 

.Po 

65 

T-6 

PfT-3 

1/Sec 

£ 

1 

) 

35-40 PSIA 


For . 


minutes for decay 









Command 

and Verify; 









F, 

.P. 

66 

V-32 

LOPV-1 


1 


£ 

1 

) 

Open 


1 



V-33 

LOPV-2 


1 



1 


1 


F 



V-34 

LFPV-1 

1 

r 


i 

\ 


r 

F, 

.p. 

66 

V-35 

LFPV-2 


L 


c 

\ 

Open 


Retract 

and verify; 









F, 

.P. 

67 

C-1 

LOFC-1 


L 


c 

w 

1 

> 

Closed 





C-2 

LHC-1 












C-2 

LHC- 2 












C-5 

LFFC-1 












C-8 

LHC-7 












C-8 

LHC- 8 












C-9 

LOFC-2 








] 



f 

C-10 

LFFG-2 


f 


\ 

f 

1 


F. 

,P. 

67 

C-11 

LFVC-1 


L 


£ 

t 

> 

Closed 


Commence ^ 










F. 

.P. 

68 

T-8 

PoT-6 

1/Sec 

M.C 

1500 PSIA 





T-8 

ToT-4 












T-9 

PoT-7 






1500 PSIA 





T-9 

ToT-5 












T-10 

PfT-6 






1500 PSIA 





T-10 

TfT-4 








■ ^ 


1 


T-11 

PfT-7 




\ 

f 

1500 PSIA 

F, 

,P. 

68 

T-11 

TfT-5 

1/Sec 

M,C 




Compute 

and display quantity on request. 









Command 

and verify; 









F, 

,P. 

69 

GOV-1 

LGOV-II 


1 


< 

k. 

t 

} 

Open 





GOV-2 

LG0V-2I 












GOV-3 

LG0V-3I 




1 








GFV-1 

LGFV-II 












GFV-2 

LGFV-2I 









r 

1 


GFV-3 

LGFV-3I 


’ 


i 

r 

1 


F. 

,P. - 

69 

V-52 

LLIV-1 


L 


s 

Open 
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FEBRY PRBFLIGHT (Continued) 


PHASE 

STEP 

ELEMENT 

MEASUREMENT 

F.P. 

69 

V-53 

LLIV-2 



V-54 

LLIV-3 



V-55 

LFIV-1 

V 


V-56 

LFIV-2 

F.P. 

69 

V-57 

LFIV-3 


Open 


SAMPLES 


1 


. 69 V-57 LFIV-3 1 S Open 

Command the APU shaft clutches to engage on all three sections. 

Command and verify^ 

. 70 G-1 VII-38 1 S 28 VDG 

f G-2 VII-39 . if ^ ijf 

. 70 G-3 VII-40 1 S 28 VDC 


Command & verify^ 
F.P. 70 G-1 


LIOV-38 


Initiate igniter spark, verify 5 


Command and verify; 


Command and verify;. 

F.P. 72 GOV-1 

F.P. 72 G-1 

Command and verify: 

F.P. 73 GFV-1 

F.P. 73 G-1 

Check; 

/■ 

F.P. 74 G-1 


IIE-38 

PC-38 


LIFV-38 

PC-38 


LGOV-1 

PC-38 


LGFV-1 

PC-38 


TC-1 

NT-1 

NS-1 

QPTL-1 

PPTL-1 

TPTL-1 


1 

2/Sec 

1 


Open 


Pulses 


Open 


Open 


Open 


When NT-1 reaches steady-state, command igniter spark off and verify; 
F.P. 75 G-1 IIE-38 ISO 
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FERRY PREFLIGHT (Continued) 

PHASE STEP ELEMENT MEASUREM ENT 

Command and verify; 

F.P, 76 G-2 LIOV-39 

Initiate igniter spark, verify 


Command and verify? 


Command and verify? 

. 79 GOV-2 

79 G-2 

Command and verify? 


IIE-39 

PC-39 


LIFV-39 

PC-39 


LGOV-2 

PC-39 


F.P. 

80 

GFV-2 

LGFV-2 

F.P. 

80 

G-2 

PC-39 

Check ; 




F.P. 

81 

G-2 

TC-2 



U-2 

NT-2 



PT-2 

NS-2 



PT-2 

QPTL-2 

? 

V 

PT-2 

PPTL-2 

F.P. 

81 

PT-2 

TPTL-2 


SAMPLES 


1 

2/sec 

1 


When NT-2 reaches steady-state, command igniter spark off, verify? 
F.P. 82 G-2 IIE-39 ISO 

Command and verify? 

F.P. 83 G-3 LIOV-40 ISO? 

Initiate Igniter Spark, verify? 

F.P. 84 G-3 IIE-40 1 S Pi 

F.P. 84 G-3 PC-40 1 S 


Command and verify? 


LIFV-40 
PC -40 
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FERRY PREFLIGHT (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


Command and verifyj 

F.P. 86 GOV-3 

F.P. 86 G-3 


Command and verifyj 

F.P. 87 GFV-3 

F.P. 87 G-3 


Check? 


F.P. 88 G-3 

U-3 
PT-3 
PT-3 

’ ' PT-3 

F.P. 88 PT-3 


LGOV-3 

PC-40 


LGFV-3 

PG-40 


TG-3 

lJT-3 

NS -3 

QPTL-3 

PPTL-3 

TPTL-3 


1 S Open 

1 S 


1 S Open 

1 S 


1 S 

2/Sec C 

1 S 

1 S 


When NT-3 reaches steady-state, command igniter spark off, verifyj 
F.P. 89 G-3 IIE-40 ISO 


Commence monitoring: 


F.P. 


90 


F.P. 


W 


90 


91 


G-1 

PC-38 

1/Sec 

G-1 

TC-1 

1/Sec 

U-1 

NT-1 

2/Sec 

PT-1 

QPTL-1 

1/2 sec 

PT-1 

PPTL-1 

1/2 sec 

PT-1 

TPTL-1 

1/2 sec 

PT-1 

NS-1 

1/2 sec 

G-2 

PC-39 

1/Sec 

G-2 

TC-2 

1/Sec 

D-2 

NT- 2 

2/Sec 

PT-2‘ 

QPTL-2 

1/2 sec 

PT-2 

PPTL-2 

1/2 sec 

PT-2 

TPTL-2 

1/2 sec 

PT-2 

NS -2 

1/2 sec 

G-3 

PC-40 

1/Sec 

G-3 

TC-3 

1/Sec 

U-3 

NT-3 

2/Sec 

PT-3 

QPTL-3 

1/2 sec 

PT-3 

PPTL-3 

1/2 sec 

PT-3 

TPTL-3 

1/2 sec 

PT-3 

NS-3 

1/2 sec 

lect A/B 

Ground Start GSE 



M 


M 
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FERRY PREFLIGHT (Continued) 


EXPECTED 


PHASE 

STEP 

ELEMENT 

MEASUREMENT 

SAMPLES 

USE 

VALUE 


Command and 

verify; 








F, 

.P. 

9 

12 

V-58 

LFIV-4 



4 

1 

3 

Open 





V-60 

LFIV-5 











V-62 

LFIV-6 











V*-59 

LPSV-7 









V-61 

LPSV-8 


r 



\ 

r 

F. 

,P. 

92 

V-63 

LPSV-9 


L 

4 

3 

Open 


Command 

. and 

verify; 








F. 

.P. 

93 

G“4 

IIE-41 

1 

( 

\ 

3 

Pulses 


Command 

and 

verify; 








F, 

,P. 

94 

GFV-4 

LGFV-4I 

1 

S 

Open 

F. 

,P. 

94 

GFV*-4 

LGFV-4 

1 

s 

Open 


Command 

and 

verify; 








F. 

P. 

95 

GOV-4 

LGOV-4I 

1 

s 

Open 

F, 

P. 

95 

GOV-4 

LGOV-4 

1 

s 

Open 


After TBD seconds^ check; 







F. 

P. 

9 

6 

U-4 

NT-4 

] 

L 

C,S 

SJ 

1 





PT-4 

PTPL-1 


j 

S 







PT-4 

QTPL-1 








r 

• f 

PT-4 

TTPL-1 

' 

f 

\ 

r 



F. 

P. 

96 

P-7 

PPD-7 


1 

c 

1. 

) 




Terminate spark, verify; 







F. 

P. 

97 

G-4 

IIE-41 

1 


c 

1 

) 

0 



Check; 










F. 

P. 

98 

P-8 

PPD-8 

\ 


c 

>. 

1 

> 

<TBD PSIA 

F. 

P. 

98 

P-9 

PPD-9 

3 


G 

k. 

1 

> 

<TBD PSIA 


Command 

and 

verify; 








F. 

P. 

99 

G-5 

IIE-42 

1 


c 

1 

> 

Pulses 


Command 

and 

verify; 








F. 

P, 

100 

GFV-5 

LGFV-5I 

I 


£ 

1 

> 

Open 

F. 

P, 

100 

GFV-5 

LGFV-5 

1 


£ 

» 

Open 


Command 

and 

verify; 



- 





F. 

P, 

101 

GOV-5 

LG0V-5I 

1 


£ 

1 

r 

Open 

F. 

P. 

101 

GOV-5 

LGOV-5 

1 


s 

1 

\ 

Open 
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FERRY PREFLIGHT (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


After TBD seconds^ check; 


.P. 102 

U-5 

NT-5 : 


G,S 

s.s. 

1 


PT-5 

PTPL-2 


S 


1 


PT-5 

QTPL-2 


1 


Ir 


PT-5 

TTPL-2 ' 


V 


.P. 102 

P-8 

PPD-8 1 

s 


Terminate 

Spark, verify; 





•P, , 103 

G-5 

IlE-42 1 

s 

0 

Command and verify; 





.P. 104 

G-6 

IIE-43 1 

s 

Pulses 

Command and verify; 





.P. 105 

GFV-6 

LGFV-6I 1 

s 

Open 

,P. 105 

_ GFV-6 

LGFV-6 1 

S - 

Open 

Command and verify; 





,P. 106 

GOV- 6 

LG0V-6I 

L 

s 

Open 

,P. 106 

GOV-6 

LGOV-6 

L 

s 

Open 

After 

seconds, check; 





.P. 107 

U-6 

NT-6 


c,s 

S.S. 



PT-6 

PTPL-3 


s 




PT-6 

QTPL-3 


i 




PT-6 

TTPL-3 ' 

r 

T 


,P. 107 

P-9 

PPD-9 

1 

s 


Terminate 

spark, verify; 





.P. 108 

G-6 

IIE-43 

1 

s 

0 


Command and verify; 


F.P. 

109 

EFV-1 

LEFV-1 

t 



EFV-2 

LEFV-2 

? 



EFV-3 

LEFV-3 

F.P. 

109 

EFV-4 

LEFV-4 


1 5 Ope 

I ^ i 


Open 

j 

Open 


Check; 


F.P. 

FoP. 


110 

110 


PfL-11 

TfL-6 


S,C 

S,C 
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FERRY PREFLIGHT (Continued) 


PHASE 

STEP 

ELEMENT 

IsffiASDREMENT 

SAMPLES 

USE 

Command and 

verify: 




F.P. 

111 

EFV-5 

LEFV-5 

1 

S 

1 

I 

EFV-6 

LEFV-6 

i 

1 

T 

T 

EFV-7 

LEFV-7 

Y 

Y 

F.P. 

111 

EFV“8 

LEFV-8 

1 

s 

Check: 





F.P. 

112 


PfL-12 

1 

s^c 

F.P. 

112 


TfL-7 

1 

s,c 

Command and 

verify j 




F.P. 

113 

EFV-9 

LEFV-9 

1 

s 

i 

1 

EFV-10 

LEFV-10 

1 

1 

T 

T 

EFV-11 

LEFV-11 

Y 

Y 

F.P. 

113 

EFV-12 

LEFV-12 

1 

s 


Check t 


EXPECTED 

VALUE 


Open 

I 

Open 


Open 

I 

Open 


F.P. 114 

F.P. 114 

Conmience monitoring: 


PfL-13 

TfL-8 


1 S,C 

1 S,C 


F.P. 115 


? V 

F.P. 115 


G“4 

PC-41 

10/Sec 

G-4 

TC-4 

1/Sec 

U-4 

NT-4 

5/Sec 

P-7 

PPD-7 

5/Sec 

G-5 

PC-42 

10/Sec 

G-5 

TC-5 

1/Sec 

U-5 

NT-5 

5/Sec 

P-8 

PPD-8 

5/Sec 

6-6 

PC-43 

10/Sec 

G-6 

TC-6 

1/Sec 

U-6 

NT-6 

5/Sec 

P-9 

PPD-9 

5/Sec 


PfL-11 

5/ Sec 


PfL-12 

5/Sec 


PfL-13 

5/Sec 

PT-4 

QTPL-1 

1/2 Sec 

PT-4 

PTPL-1 

1/2 Sec 

PT-4 

TTPL-1 

1/2 Sec 

PT-5 

QTPL-2 

1/2 Sec 

PT-5 

PTPL-2 

1/2 Sec 

PT-5 

TTPL-2 

i/2 Sec 

PT-6 

QTPL-3 

i/2 Sec 

PT-6 

PTPL-3 

1/2 Sec 

PT-6 

TTPL-3 

1/2 Sec 


M 


M 
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FERRY PREFLIGHT (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 

Command turbofan #1 to start. 

Activate turbofan Ground Start GSE. 


EXPECTED 

VALUE 


The engine controller commands and verifies: 



FCA-1 

FCA-1 

FCA-1 

FCA-1 

FH-1 

FH-1 

IGN-1 

IGN-1 

LA-1 

LA-1 

LA-1 

LA-1 

FM-1 


LFIVA/B-1 

NVDVP-1 

PDVDVP-1 

LCPRV-1 

VFH-1 

IFH-1 

VIIA/B-1 

III-l 

PLPD-1 

PSPD-1 

TSPD-1 

QLO-1 

FfF-1 


Open 


Open 
28 VDC 

28 VDC 
Pulses 


When; 


F.P. 117 TF-1 NHPT-1 100/Sec C Nx 

The engine controller commands and verifies; 

F.P. 118 FCA-1 LSPV-1 1 S Open 

A/B E.C.-l verifies combustion by checking: 

F.P. 119 FD-1 FLB-1 A.R. S On 

E.C.-l commences to jnonitor the following for gas path analysis; 

F.P. 120 TF-1 PFI-1 

TlA-1 
NF-1 
NEPT-1 
FfF-1 
PHPT-1 
THPT-1 
PED-1 
TED-1 
TLPTD-1 
TCI-1 

F.P. 120 TF-1 PDVDVP-1 

At steady-state thrust^ the engine controller commands and verifies: 
F.P. 121 IGN #1 III-l ISO 





FERRY PREFLIGHT (Continued) 

FHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


E.C.-l 

commenses to 

monitor: 



122 

LA-1 

QLO-1 

5/Sec 

M 



LA-1 

PLPD-1 

5/Sec 




LA-1 

PSPD-1 

5/Sec 




LA-1 

TSPD-1 

5/Sec 




LA-1 

PG-1 

5/Sec 




FCA-1 

IFH-1 

l/Sec 



1 

COMP- 

1 ' FIC-1 

l/Sec 



Command turbofan 2 to start. Activate the turbofan Ground Start GSE 


E.C. -2 commands and verifies: 


.P. 

123 

FCA-2 

LFIVA/B-2 


, 

S 




FCA-2 

NVDVP-2 







FGA-2 

PDVDVP-2 







FCA-2 

LCPRV-2 







FH-2 

VFH-2 







FH-2 

IFH-2 







IGN #2 

VIIA/B-2 







IGN #2 

III -2 







LA- 2 

PLPD-2 







LA-2 

PSPD-2 







LA- 2 

TSPD-2 




f 


r 

LA“2 

QLO-2 


r 


•P. 

123 

FM-2 

FfF-2 

' 

. 

s 


When : 

F.P. . 12(^ 


TF-2 


NHPT-2 


100/Sec 


The engine controller commands and verifies ; 

F.P. .125 FCA-2 LSPV-2 1 

E.C.~2 verifies combustion by checking: 

F.P. 126 FD*-2 FLB-2 A.R. 


Open 


Open 
28 VDC 

28 VDC 
Pulses 


Nx 


Open 


On 


E.C. “2 commences to monitor the following for gas path analysis: 


F.P. 127 TF-2 


? 

F.P. 


1 i 

127 TF-2 


PFI-2 

TIA-2 

NF-2 

NHPT-2 

FfF-2 

PHPT-2 

THPT-2 

PED-2 

TED -2 

TLPTD-2 

TCI -2 

PDVDVP-2 


100/Sec C 


f 

100/Sec C 



FERRY PREFLIGHT (Continued) 

PHASE STEF - ELEMENT MEASUREMENT SAMPLES USE 

At steady-state thrust, E,C.-2 coromands and verifies: 

F.P. 128 IGN. #2 III-2 1 S 


E.C.-2 Commences to monitor: 


.p. 

129 

LA- 2 

QLO-2 

5/Sec 

M 




LA-2 

PLPD-2 

1 





LA-2 

PSPD-2 

1 





LA- 2 

TSPD-2 

? 





LA-2 

PG-2 

5/Sec 


r 

1 


ECA-2 

IFH-2 

1/Sec 

If 

.p. 

129 

COMP-2 

FIC-2 

1/Sec 

M 


Command Turbofan 3 to start, activate Ground Start GSE. 
E.C.-3 commands and verifies: 



130 FCA-3 
FCA-3 
FCA-3 
FCA-3 
FH-3 
FH-3 
IGN. #3 
IGN. #3 
LA-3 
LA-3 
LA-3 
LA-3 

130 FM-3 


LFIVA/B-»3 

NVDVP-3 

PDVDVP-3 

LCPRV-3 

VFH-3 

IFH-3 

VIIA/B-3 

III-3 

PLPD-3 

PSPD-3 

TSPD-3 

QLO-3 

FfF-3 



When: 


D-23 

EXPECTED 

VALUE 


Off 


Open 


Open 
28 VDC 

28 VDC 
Pulses 


F.P. 131 TF-3 NHPT-3 100/Sec C Nx 

E.C.-3 commands and verifies 

F.P. 132 FCA-2 LSPV-3 1 S Open 

E.C.-3 verifies combustion by checking: 

F.P. 133 FD-1 FLB-3 A.R. S On 

E.C.-3 commences to monitor the following for gas path analysis: 

3 PFI-3 100/Sec C 

TIA-3 
NF-3 
NHPT-3 
FfF-3 
PHPT-3 
THPT-3 
PED-3 

3 TED-3 100/Sec C 




FERRY 

PREFLIGHT 

(Continued) 


- 


EXPECTED 

PHASE 

STEP 

ELEMENT 

MEASUREMENT 

samples 

USE 

VALUE 

F.p. 

i 

134 

t 

TF-3 

TLPTD-3 

TCI-3 

100/Sec 

i 

C . 

t 


F.P. 

134 

TF-3 

PDVDVP-3 

100/Sec 

c 



At steady-state thrust^ E.C.#3 commands and verifies: 

F.P. 135 IGN. #3 III-3 ISO 

E.C, #3 commences to monitor: 


F 

,P. 

136 

LA-3 

QLO-3 

5/Sec 

M 





LA-3 

PLPD-3 








LA-3 

PSPD-3 








LA-3 

TSPD-3 








LA-3 

PG-3 

1 







FCA-3 

IFH-3 

1/Sec 


F 

.P. 

136 

COMP-3 

FIC-3 

1/Sec 

M 


137 Stop and retract Ground Start GSE 

138 Verify vehicle power buses. 

Execute power transfer. 

139 Disconnect Grotand Power GSE. 
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FERRY FLIGHT 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


Make the following checks while at cruise altitude: 


F.F. 1 


FoF. 1 


V-1 

V-2 

V-3 

V-4 

V-5 

V“6 

V~7 

V-8 

V-9 

V-10 

V-11 

V-12 

V-13 

V-14 

V-19 

V-20 

V-21 

V-22 

V-23 

V-24 

V-25 

V-26 

V-27 

V-28 

V-29 

V-30 

V-31 

V-3 2 

V-33 

V-34 

V-35 

C-1 

C-2 

C-3 

C-4 

C-5 

G-6 

C-8 

C-11 


LOIV-1 

LOIV-2 

LOW-1 

LOW- 2 

LOW-3 

LOW-4 

LOFV-1 

LFlV-1 

LFIV-2 

LFTW-1 

LFTVV-2 

LFTW-3 

LFTW-4 

LFFV-1 

LOPGV-1 

LOPCV-2 

LFPCV-1 

LFPCV-2 

LOIV-3 

LOTW-1 

LOTW-2 

LFIV-3 

LFIV-4 

LFTW-5 

LFTW-6 

LFTW-7 

LFTW-8 

LOPV-1 

LOPV-2 

LFPV-1 

LFPV-2 

LOFG-1 

LHC-1,2 

LFTVG-1 

LHC -3, 4 

LFFC-1 

LHC-5,6 

LHC-7,8 

LFVC-1 


1 S Closed 


Closed 

Closed 

Open. 

I 

Open 

Closed 


? 

S 




Closed 


Monitor: 


F, 

,F. 


1 

T-l 

PoT-1 

1/min 

M 

19 

PSIA 





T-2 

PoT-2 

1/min 



19 

PSIA 





T-3 

PfT-1 

1/min 



19 

PSIA 





L-17 

PoL-2 

1/min 









L-20 

PfL-1 

1/min. 





' J 




L-21 

PfL-4 

1/min 





i 

r 


r 

L-17 

ToL-2 

1/min 

\ 




F, 

,F. 

1 

> 

L-20 

TfL-1 

1/mln 

M 





FERRY FLIGHT (Continued) 


EXPECTED 

PHASE STEF ELEMENT MEASDREMENT SAMPIRS USE VALUE 


V Y 

F.F. 2 

Monitor: 


L-21 

TfL-4 

1/min. 

M 

T-4 

ToT-3 

1/10 sec. 


T-5 

TfT-2 

1/10 sec. 


T-6 

TfT-3 

1/10 sec. 


T-4 

QoT-7 

1/sec. 


T-4 

QoT-8 




T-4 

QoT-9 




T-5 

Q£T-4 




T-5 

QfT-5 




T-5 

QfT-6 




T-6 

QfT-7 




T-6 

QfT-8 

\ 


V 

T-6 

QfT-9 

1/sec, 

M 


Until Uncovered 


Y 

Until Uncovered 


F. 

,F. 


i 

T-8 

PoT-6 

1/sec 

M.C 

1500 

PSIA 





T-8 

ToT-4 



M 







T-9 

PoT-7 



M.C 

1500 

PSIA 





T-9 

ToT-5 



M 







T-10 

PfT-6 



M.C 

1500 

PSIA 





T-10 

TfT-4 



M 







T-11 

P£T-7 



M.C 

1500 

PSIA 

F.F, 


3 

T-11 

TfT-5 

1/ 

sec 

M 




Compute and display accumulator quantity on request. 
Continue to monitor: 


F.F. 4 


Y 

4 


G-1 

PC-38 

1/sec 

G-1 

TC-1 

1/sec 

U-1 

HT-1 

2/sec 

PT-1 

QPTL-1 

1/ 2 sec 

PT-1 

PPTL-1 

1/2 sec 

PT-1 

TPTL-1 

1/2 sec 

PT-1 

NS-1 

1/2 sec 

G-2 

PC-39 

1/sec 

G-2 

TC-2 

1/sec 

U-2 

NT- 2 

2/sec 

PT-2 

QPTL-2 

1/2 sec 

PT-2 

PPTL-2 

1/2 sec 

PT-2 

TPTL-2 

1/2 sec 

PT-2 

NS -2 

1/2 sec 

G-3 

PC-40 

1/sec 

G-3 

TC-3 

1/sec 

U-3 

NT-3 

2/ sec 

PT-3 

QPTL-3 

l/_2 sec 

PT-3 

PPTL-3 

1/2 sec 

PT-3 

TPTL-3 

1/2 sec 

PT-3 

NS-3 

1/2 sec 


M 


Y 

F.F 
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FERRY FLIGHT (Continued) 
PHASE STEP ELEMENT 


EXPECTED 

measurement samples use VALUE 


When: 


F.F. 5 

T-8 

PoT-6 

Or : 

F.F. 6 

T-9 

PoT-7 

Verify: 

F.F. 7 

V-52 

LLIV-1 


V-53 

LLlV-2 

f!f. 7 

V-54 

LLIV-3 


1/sec C 1500-X PSIA 


1/sec C 1500-X PSIA 


1 


1 


s 


s 


open 


Open 


Command 

and verify: 


F.F. 8 

V-52 

LPSV-1 

i t 

V-53 

LPSV-2 

F.F, 8 

V-54 

LPSV-3 

Engage 

the clutches 

to P-1, P-2, ; 


S 


S 



Open 


During G02 resupply monitor the following additional parameters t 


F. 

,F, S 

1 

P-1 

PPD-1 

ijsec. 

M 

1500 PSIA 




H-4 

THE-1 

1/2 sec 







H-4 

PHEO-1 

1/2 sec 



1500 PSIA 




P-2 

PPD-2 

2/sec 



1500 PSIA 




H-5 

THE-2 

1/2 sec 


j 





H-5 

PHEO-2 

1/2 sec 



1500 PSIA 




P-3 

PPD-3 

2/aec 



1500 PSIA 



f 

H-6 

THE-3 

1/2 sec 




F, 

,F. 9 

H-6 

PHEO-3 

1/2 sec 

m 

1500 PSIA 


When: 








F: 

.F, 10 

T-8 

PoT-6 

l/sec 

< 

"1 

1500 PSIA 

F 

.F. 10 

T-9 

PoT-7 

l/sec 

( 


1500 PSIA 


Disengage c 

lurches to 

P-l, P-2, and P-3. 






Discontinue Resupply monitors. 






Command and 

verify: 






F 

,F. 

11 

V-52 

LPSV-1 

1 


s 

Closed 

1 


i 

' V-53 

LPSV-2 

t 


J 

t 

F 

:f. 

Ll 

V-54 

LPSV-3 

1 


s 

Closed 
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FERRY FLIGHT (Continued) 


EXPECTED 


PHASE 

STEP 

ELEMENT 

MEASUREMENT 

SAMPLES 

USE 

VALUE 


when: 








F 

.F. 

12 

T-10 

PfT-6 

1/sec 

C 

1500-Z-PSIA 


Or 

• 








F 

.F. 

13 

T-11 

PfT-7 

1/sec 

c 

1500-Z-PSlA 


Verify 

' « 
* 







F 

.F. 

14 

V-55 

LFIV-1 

1 

s 

Open 



\ 


V-56 

LFIV-2 


1 


i 

F 

.F. 

14 

V-57 

LFIV-3 

1 

s 

Open 


Command and verify i 






F 

.F 

15 

V-55 

LPSV-4 

1 

s 

Open 



1 


V-56 

LPSV-5 

t 

1 



F 

.F. 

15 

■ V-57 

LPSV-6 

1 

s 

Open 


Engage 

clutches to P-4, 

P-5, and P-6. 






During GH2 resupply monitor the following additional parameters: 

F, 

.F. 

16 

P-4 

PPD-4 

2/ sec 

i 

1 

1500 PSIA 


- 



H-7 

THE-4 

1/2 sec 








H-7 

PHEO-4 

l/2 sec 



-1500 PSIA 





P-5 

PPD-5 

2/ sec 



1500 PSIA 





H-8 

THE-5 

1/2 sec 








H-8 

PHEO-5 

1/2 sec 



1500 PSIA 





P-6 

PPD-6 

2/sec 



1500 PSIA 

\ 

r 

1 


H-9 

THE-6 

1/2 sec 

1 



F. 

,F. 

16 

H-9 

PHEO-6 

1/2 sec 

M 

1500 PSIA 


When: 








F. 

,F. 

17 

T-10 

PfT-6 

1/sec 

c 

1 

/ 

1500 PSIA 

F< 

,F. 

17 

T-11 

PfT-7 

1/sec 

c 

% 

1 

1500 PSIA 


Disengage clutches to P* 

•4, P-5, and P-6. 





Discontinue 

resupply monitors. 






Command and verify: 

• 





F. 

F. 

18 

V-55 

LPSV-4 

1 

s 


Closed 

i 

r 

i 

r 

V-56 

LPSV-5 

t 


r 


f! 

F. 

18 

V-57 

LPSV-6 

1 

s 


Closed 



FERRY FLIGHT (Continued) 
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PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


Continue to monitor: 


F.F. 19 


F.F. 19 


G-4 

PC-41 

10/sec 

G-4 

TC-4 

l/i 

sec 

U-4 

NT-4 

5/sec 

P-7 

PPD-7 

5/i 

sec 

G-5 

PC-42 

10/sec 

G-5 

TC-5 

l/sec 

U-5 

NT-5 

5/sec 

P-8 

PPD-8 

5/sec 

G-6 

PC-43 

10/ sec 

G-6 

TC-6 

l/sec 

U-6 

NT-6 

5/sec 

P-9 

PPD-9 

5/sec 


P£L-11 

5/sec 


PfL-12 

5/sec 


PfL-13 

5/sec 

PT-4 

QTPL-1 

1/2 sec 

PT-4 

PTPL-1 

( 


PT-4 

TTPL-1 



PT-5 

QTPL-2 



PT-5 

PTPL-2 



PT-5 

TTPL-2 



PT-6 

QTPL-3 



PT-6 

PTPL-3 



PT-6 

TTPL-3 

1/2 sec 


E.C, #1 continues to perform gas path analysis; 


M 


M 


F.F. 


20 


TF-1 


PFI-1 

TIA-1 

NF-1 

NHPT-1 

FfF-1 

PHPT-1 

THPT-1 

PED~1 

TED-1 

TLPTD-1 


100/sec 



f 




f 

TGI-1 



? 

F 

oF. 

20 

TF-1 

PDVDVP-1 

100/sec 

C 


E.C. 

#1 

continues to 

monitor; 




F 

,F. 

21 

LA-1 

QLO-1 

5/sec 

M 







PLPD-1 










PSPD-1 








1 

r 

TSPD-1 

1 







LA-1 

PG-1 

5/sec 



' 

1 


FCA-1 

IFH-1 

l/sec 

? 

F.F. 

21 

COMP-1 

FIC-1 

l/sec 

M 


EXPECTED 

VALUE 


OFF 
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FERRY FLIGHT (Continued) 

PHASE STEP ELEMEMT MEASUREMENT SAMPLES USE 


EXPECTE 

VALUE 


E.C. #2 continues to perform gas path analysis: 


F.F, 22 TF-2 


? t 

F,F. 22 


TF-2 


PFI-2 

TIA-2 

NF-2 

NHPT-2 

F£F-2 

PHPT-2 

THPT-2 

PED-2 

TED “2 

TLPTD-2 

TCI-2 

PDVDVP-2 


100/ sec 


100/sec 


E.C. #2 continues to monitor: 


F.F. 23 


i 1 

F.F. 23 


LA-2 

1 

QLO-2 

PLPD-2 

PSPD-2 

TSPD-2 

5/sec 

1 

LA-2 

PG-2 

5/sec 

FCA-2 

IFH-2 

1/sec 

COMP-2 

FIC-2 

1/sec 


E.C. #3 continues to perform gas path analysis: 


C 


M 


M 


F.F. 24 TF-3 


? 


F.F. 


y 

24 


y 

TF*-3 


PFI-3 

TIA-3 

NF-3 

NHPT-3 

FfF-3 

PHPT-3 

THPT-3 

PED-3 

TED-3 

TLPTD-3 

TCI- 3 

PDVDVP-3 


E.C. #3 continues to monitor: 


100/sec G 


f ▼ 

100/sec C 


F.F. 25 


t T 

'.F. 


LA-3 

QLO-3 

5/ sec 

M 



PLPD-3 

1 




PSPD-3 

1 


y 

TSPD-3 

y 


LA-3 

PG-3 

5/sec 


FCA-3 

IFH-3 

1/sec 


COMP-2 

FIC-3 

1/sec 

M 


off 


OFF 
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FEBJIY APPROACH & lANDING 

1. Continue to monitor as in steps 2, 3, 4, 19, 20, 21, 22, 23, 24, and 25 
of Ferry Flight. 

2. After landing, taxi to revetment area. 


Command & verify: 

PHASE STEP ELEMENT MEASUREMENT 


EXPECTED 

SAMPLES USE VALUE 


FAL 3 

t 

V-59 

LPSV-7 

1 


S 


Closed 




V-58 

LFIV-4 










V-61 

LPSV-8 










V-60 

LFIV-5 









r 

V-63 

LPSV-9 


r 

' 

1 


r 

FAL 3 

i 

V-62 

LFIV-6 

1 


S 


Closed , 


Command 

and verify: 








FAL 4 

G-4 

vri-41 

3 


s 


OVDC 

i 

r i 

i 

G-5 

VII -4 2 

? 

1 

r 

1 

1 

FAL 4 

G-6 

VII-43 

3 


£ 

t 

► 

OVDC 


Command 

and verify: 








FAL 5 

GOV-4, 

LGOV-4 

1 

c 


Closed 




GOV-4 

LG0V-4I 










GFV-4 

LGFV-4 










GFV-4 

LGFV-4I 


/ 








GOV-5 

LGOV-5 










GOV -5 

LG0V-5I 










GFV-5 

LGFV-5 










GFV-5 

LGFV-5I 










GOV -6 

LGOV-6 










GOV-6 

LG0V-6I 







1 



GFV-6 

LGFV-6 

\ 


3 




FAL 

5 

GFV-6 

LGFV-6I 


1 

< 

I 

Closed 


Discontinue 

monitoring 

steps 2, 3, and 

19 of Ferry Flight. 




E.C.-l . 

commences monitoring. 







FAL 

6 

FD-1 

FLB-1 


10/ sec 

M,C 

On 



E.C.-l Checks 

FAL 7 TF-1 TTB-1 25/sec M 


For TBD Seconds 
When 

FAL 8 PfL“ll 5/sec C <TBD 
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FERRY APPROACH & lANDING (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


E.C.-l connnands and verifies T.F.-l shutdown 


FAL 

9 

FCA-1 

LFIV A/B-1 

1 

S 

Closed 

T 

1 

FCA-1 

LCPRV-1 

1 

I 

Closed 

f 

T 

FH-*1 

VFH-1 

f 

t 

OVDC 

FAL 

9 

FCA-1 

LSPV-1 

1 

s 

Closed 


All engine 

assemblies are 

stopped. 





When 






FAL 

10 

FD-1 

FLB-1 

10/ sec 

G 

Off 


Command and verify! 





FAL 

11 

EFV-1 

I^FV-1 

1 

S 

Closed 

1 

i 

EFV-2 

LEFV-2 

1 

i 

1 

f 

+ 

. EFV-3 

LEFV-3 

1 

i 

T 

FAL 

11 

EFV-4 

LEFV-4 

1 

s 

Closed 


E.C.-l discontinues monitoring steps 20 and 21 of Ferry Flight and step 6 



of Ferry Approach and Landing. 





E.C.-2 commences monitoring 




FAL 

12 FD-2 

FLB-2 

10/sec 

M,C 

On 


E.0.-2 checks 





FAL 

13 TF-2 

TTB-2 

25/ sec 

M 



For TBD seconds. 






When 





FAL 

14 

PfL-12 

5/sec 

C 

<TBD 


E.C.-2 commands and verifies T.F.-2 shutdown 




FAL 

15 FCA-2 

LFIV A/B-2 

1 

S 

Closed 

1 

j FCA-2 

LCPRV-2 

1 

1 

Closed 

T 

f FH-2 

VFH-2 


? 

OVDC 

FAL 

15 FCA-2 

LSPV-2 

1 

S 

Closed 


All engine assemblies are 

stopped , 





When 





PAL 

16 FD-2 

FLB-2 

10/sec 

c 

Off 
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FERRY APPROACH & lAMDING (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


Command and verify: 


FAL 

17 

EFV-S 

LEFV-5 

1 

1 

EFV'6 

LEFV-6 

f 

* 

EFV"? 

LEFV-7 

FAL 

17 

EFV-8 

LEFV-8 


1 


T 


i 


Closed 


E.C.-2 discontinues monitoring steps 22 and 23 or Ferry Flight and 12 of 
Ferry Approach and Landing. 

E,C,-3 commences monitoring 


FAL 

18 

FD-3 

FLB-3 

10/sec 

M,C 

On 


E.C.-3 checks 





FAL 

19 

FT-3 

TTB-3 

25/ sec 

M 



for TBD seconds 






When 






FAL 

20 


PfL-13 

5/sec 

C 

*<TBD 


E.C.-3 commands and verifies T.F.-3 shutdown. 




FAL 

21 

FCA-3 

LFIV A/B-3 

1 

S 

Closed 

1 

1 

FCA-3 

LCPRV-3 

1 

1 

Closed 

V 

? 

FH-3 

VFH-3 

V 

? 

OVDC 

FAL 

21 

FCA-3 

LSPV-3 

1 

s 

Closed 


All engine 

assemblies 

are stopped. 





When 






FAL 

22 

FD-3 

FLB*-3 

10/aec 

G 

Off 


Command and 

verify: 





FAL 

23 

EFV-9 

LEFV-9 

1 

S 

Closed 

1 

1 

EFV-10 

LEFV-10 

1 

1 

1 

T 

1 

EFV-11 

LEFV*-11 

i 

♦ 

f 

FAL 

23 

EFV-12 

LEFV-12 

1 

S 

Closed 


E.C.-3 discontinues monitoring steps 24 and 25 of Ferry Flight and 18 of 
Ferry Approach and Landing. 



D-34 


POSTFLIGHT-FERRY 

1. Tow the Orbiter into revetment. Chock and tie-down. 

2. Connect Groxmd Power GSE. 

3. Execute power transfer to Ground Power GSE. 

4. Continue to monitor step 4 of Ferry Flight until the APU shutdown 
command is received. 

EXPECTED 

PHASE STEP ELEMEIjT MEASUREMENT SAMPLES USE VALUE 

Upon receipt of APU shutdown command 


P-F 

Command and 
5 

verify: 

G-1 

VII-38 

1 

S 

OVDC 

P-F 

Command and 
6 

verify: 

GOV-1 

LGOV-1 

1 

s 

Closed 

P-F 

6 

G-1 

PC -3 8 

1 

S 


P-F 

Command and 
7 

verify: 

GFV-1 

L6FV-1 

1 

s 

Closed 

P-F 

7 

G-1 

PC -3 8 

1 

s 


P-F 

Command and 
8 

verify: 

G-1 

LIOV-38 

1 

s 

Closed 

P-F 

■ 8 

G-1 

PC -3 8 

1 

s 


P-F 

Command and 
9 

verify: 

G-1 

LIFV-38 

1 

s 

Closed 

P-F 

9 

G-1 

PC -3 8 

1 

s 


P-F 

Disengage the clutch 
Command and verify; 

10 GOV-1 

to APU-1. 

LGOV-II 

1 

s 

Closed 

1 

P-F 

1 

10 

GFV-1 

V-52 

V-55 

LGFV-II 

LLIV-1 

LFIV-1 

1 

s 

1 

Closed 

P-F 

Command and 
11 

verify: 

G-2 

VII-39 

1 

s 

OVDC 



D-35 


POSTFLIGHT -FERRY (Continued) 


EXPECTED 


PHASE STEP 

ELEMENT 

MEASUREMENT 

SAMPLES 

USE 

VALUE 


Command and verify: 





P-F 

12 

GOV-2 

LGOV-2 

1 

s 

Closed 

P-F 

12 

G-2 

PC -3 9 

1 

s 

. 


Command and verify: 





P-F 

13 

GFV-2 

LGFV-2 

1 

s 

Closed 

P-F 

13 

G-2 

PC -3 9 

1 

S , 



Command and verify: 





P-F 

14 

G-2 

LIOV-39 

1 

s 

Closed 

P-F 

14 

G-2 

PC -3 9 

1 

s 



Command and verify: 

. 




P-F 

15 

G-2 

LIFV-39 

1 

s 

Closed 

P-F 

15 

G-2 

PC-39 

1 

s 



Disengage 

the clutch 

to APU-2." 





Command and verify: 





P-F 

I 

16 

GOV-2 

LGOV-2 I 

1 

s 

Closed 

1 

1 

GFV-2 

LGFV-2 I 

! 

1 

1 

? 

f 

V-53 

LLIV-2 

T 

f 

T 

P-F 

16 

V-56 

LFIV-2 

1 

s 

Closed 


Command and verify: 





P-F 

17 

G-3 

VII -40 

1 

s 

OVDC 


Command and verify: 





P-F 

18 

GOV -3 

LGOV-3 

1 

s 

Closed 

P-F 

18 

G-3 

PC-40 

1 

s 



Command and verify: 





P-F 

19 

GFV-3 ' 

LGFV-3 

1 

s 

Closed 

P-F 

19 

G-3 

PC -40 

1 

s 



Command and verify: 





P-F 

20 

G-3 

LIOV-40 

1 

s 

Closed 

P-F 

20 

G-3 

PC -40 

y 

1 

s 




FOSTFLIGHT -FERRY (Continued) 


EXPECTED 

PHASE STEP ELEMENT MEASUEEMENT SAMPLES USE VALUE 


Command and verify: 


P-F 

21 

G-3 

LIFV-40 1 

S 

Closed 

P-F 

21 

G-3 

PC -40 1 

S 



Disengage the clutch 

to APU-3. 




Command and 

verify: 




P-F 

22 

GOV-3 

LG0V-3I 1 

S 

Closed 

1 

1 

GFV-3 

LGFV-3I I 

1 

1 

T 

T 

V-54 

LLIV-3 f 

i 

? 

P-F 

22 

V-57 

LFIV-3 1 

S 

Closed 

23. 

Perform the 

checks of 

step la of Ferry Flight. 




24. Take a status sample of the parameters of step lb of Ferry Flight 
Check; 


P-F 

1 

25 

1 

PoL-8 

PoL-9 

PfL-9 

1 

i 

S 

i 

19 

1 

PSIA 

P-F 

25 

PfL-10 

1 

S 

19 

PSIA 

26. 

Remove tape and hard copy. 
Debrief crew as required. 

if any. 






Review in-flight data and 

fault-isolation 

output. 




27. 

Inspect all subsystems for 

mechanical disorders. 




PURGE 







Connect Drain and Purge GSE and verify status of the following couplings; 


f 

P-F 


28 


f 

28 


C-1 

LOFC-1 

C-2 

LHC -1,2 

C-3 

LFTVC-1 

c-4 

LHC -3, 4 

C-5 

LFFC-1 

C-6 

LHG-5,6 

C-8 

LHC-7,8 

C-9 

LOFC-2 

C-10 

LFFC-2 

C-11 

LFVC-1 


S Open 


» » i 

1 S Open 


Also connect purge GSE to the main oxidizer and on-orbit oxidizer tank 
vents . 
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POSIFLIGHT-FERRY (Continued) 


EXPECTED 


PHASE STEP 

ELEMENT 

MEASUREMENT 

SAMPLES 

USE 

VALUE 



Conjmand . 

and 

verify: 








P- 

-F 

29 

V-32 

LOPV-1 



C 

k. 

> 

Closed 

i 




V-33 

LOPV-2 

1 


1 



1 


r 

i 

1 

V-34 

LFPV-1 

i 

f 

1 

r 

1 

♦ 

P- 

-F 

29 

V-35 

LFPV-2 

1 


< 

b. 

) 

Closed 



Command 

and 

verify : 








P- 

-F 

30 

V-70 

LFFV-2 

1 

S 

Open 



When GSE 

indicates P 

= ambient at C-10, repressure with helium 

thru 

C-10 until 

P- 

-F 

31 

T-10 

PfT-6 

l/sec 

M,C 

1500 PSIA 

P- 

-F 

31 

T-11 

PfT-7 

1/ sec 

M,C 

1500 PSIA 



Command 

GSE 

to hold« 










Command 

and 

verify; 








P’ 

-F 

31a 

V-70 

LFFV-2 

1 

S 

Closed 



Command 

and 

verify: 








P- 

-F 

32 

V-14 

LFFV-1 

1 

S 

Open 



Pressurize ! 

r-3 with 

helium thru C-4. 









When; 










P- 

-F 

33 

T-3 

PfT-1 

l/sec 

M,C 

. 35 

PSIA 



Command 

and 

verify: 








P- 

-F 

34 

V-8 

LFIV-1 


L 

S 

Open 





V-9 

LFIV-2 











V-26 

LFIV-3 











V-27 

LFIV-4 








r 



V-34 

LFPV-1 

▼ 




r 

P- 

-F 

34 

V-35 

LFPV-2 

1 

s , 

Open 



After 9 

minutes, command GSE to open vent 

on C-8 for 1 

minute. 





Command 

purge of L~8 

,9 through main engine 

s for 3 minutes. 





Command 

and verify: 








P- 

•F 

35 

V-28 

LFTW-5 

j 

L 

S 

Op« 

2n 





V-29 

LFTW-6 







1 

r 



V-30 

LFTW-7 

1 

r 




r 

P- 

■F 

35 

V-31 

LFTW-8 

1 

S 

Open 
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POSTFLIGHT -FERRY (Continued) 

PHASE STEP ELEMENT MEASUKEMEin: SAMPLES 


EXPECTED 
USE VALUE 




Purge out through 0-11 

for 1 minute* 





Command and 

verify: 




p- 

-F 

36 

V-34 

LFPV-1 1 

S 

Closed 

p- 

-F 

36 

V-35 

LFPV-2 1 

S 

Closed 



Stop helium 

purge from 

C-3. 





Command and 

verify: 




p- 

•F 

1 

37 

V-10 

LFTW-1 1 

S 

Open 



i 

V-11 

LFrW-2 1 

1 

1 

1 


f 

V-12 

LFTW-3 T 

? 


p- 

•F 

37 

V-13 

LFTW-4 1 

S 

Open 



Reverse purge from C-5 

out through C-3 and C-11 

for 10 minutes. 

During 



this time configure the 

; main engines and command 

and verify: 


p- 

•F 

38 

V-21 

LFPCV-1 1 

S 

Open 

p- 

•F 

38 

V-22 

LFPGV-2 1 

S 

Open 


To purge the H2 autogenous lines out through C-3. 


Return the main engines to initial conditions and command and verify: 


P-F 

P-F 


39 

39 


V-21 

V-22 


LFPCV-1 

LFPCV-2 


1 

1 


S 

S 


Closed 

Closed 


Reduce helium pressure to 20 PSIA and command and verify, in sequence: 


P-F 


40 


V-10 

V-11 

V-12 

V-13 

V-8 

V-9 

V-26 

V-27 

V-14 

T-3 


P-F 


40 


Command and verify: 


P-F 


41 


V-44 


LFTW-1 

LFTW-2 

LFTW-3 

LFTW-4 

LFIV-1 

LFIV-2 

LFIV-3 

LFIV-4 

LFFV-1 

PfT-1 

PfL-2 


LOFV-2 


? 


Closed 


Closed 
20 PSIA 
20 PSIA 


Open 


When GSE at C-9 indicates P = ambient, repressurize the C-9 with helium until 


P-F 42 T-8 PoT-6 1/sec ' M,C 1500 PSIA 

P-F 42 T-9 PoT-7 1/sec M,C 1500 PSIA 
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POSTFLIGHT-FERRY (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


Command and verify: 
P“F 43 


P-F 


44 


When: 

P*>F 45 

P-F 45 


P-F 


? 

P-F 


46 


46 


V-44 

LOFV-2 

1 

£ 

1 

> 

Closed 

1 verify: 







V-7 

LOFV-1 

1 

S 

Open 

T-1 & T-2 

through C-6 with 

helium. 





T-1 

PoT-1 

1/ sec 

M,C 

35 

PSIA 

T-2 

PoT-2 

1/sec 

M,C 

35 

PSIA 

1 verify: 







V-1 

LOIV-1 

1 

£ 

> 

Open 

V-2 

LOIV-2 

1 




1 

1 

V-23 

LOIV-3 

1 





V-32 

LOPV-1 

i 




1 

V-33 

LOPV-2 

1 

< 

1 

> 

Open 

,0 minutes, 

. After 5 minutes configure the 

main engines to 

^ down through the engines 

for 3 minutes. 

then 

return 

the 



engines to initial conditions. 


After 9 minutes Command and verify: 


P-F 

47 

V-24 

LOTW-1 

1 

S 

Open 

P-F 


V-25 

LOTW-2 

1 

S 

Open 


And open the 

vent on 

C-2 for 1 minute . 





Command and verify: 





P-F 

48 

V-32 

LOPV-1 

l’ 

s 

Closed 

P-F 

48 

V-33 

LOPV-2 

1 

s 

Closed 


Terminate purge from 

C-6. 





Command and 

verify: 





P-F 

49 

V-3 

LOVV-1 

1 

s 

Open 

I 

1 

V-4 

LOW-2 

1 

i 

1 

V 

? 

V-5 

LOW-3 

Y 

Y 

Y 

P-F 

49 

V-6 

LOW-4 

1 

s 

Open 



POSTFLIGHT-FERRY (Continued) 


EXPECTED 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE 


Reverse purge at 35 PSIA from C-1 out through the main oxidizer vent. 


Command and verify: 

P-F 50 V-L9 LOPCV-1 1 S Open 

P-F 50 V-20 LOPCV-2 1 S Open 

And configure the main engines to purge the oxidizer autogenous lines. 

Command and verify: 

P-F 51 V-19 LOPCV-1 1 S Closed 

P-F 51 V-20 LGPCV-2 1 S Closed 

And return the main engines to initial conditions. 


Reduce the helium pressure to 20 PSIA and command and verify in sequence: 


p- 

-F 

52 

V-3 

LOW-1 

1 


( 



V-4 

LOW-2 






V-5 

LOW-3 






V-6 

LOW-4 






V-1 

LOIV-1 






V-2 

LOIV-2 






V-23 

LOIV-3 






V-7 

LOFV-1 





f 

T-1 

PoT-1 

1 

P-F 

5 



PoL-1 

1 


Command 

GSE 

to hold. 




Command 

and verify: 



P-F 

53 

GOV-1 

LGOV-II 

1 





GOV-1 

LGOV-1 






GFV-1 

LGFV-II 






GFV-1 

LGFV-1 






G-1 

LIOV-38 






G-1 

LIFV-38 






GOV-2 

LGOV-2I 






GOV-2 

LGOV-2 






GFV-2 

LGFV-2I 






GFV-2 

LGFV-2 






G-2 

LIOV-39 






G-2 

LlFV-39 






GOV-3 

LGOV-3I 






GOV-3 

LGOV-3 






GFV-3 

LGFV-3I 






GFV-3 

LGFV-3 


\ 


1 


G-3 

LIOV-40 


P- 

F 

53 

G-3 

LIFV-40 

1 


S Closed 


I Closed 

V 20 PSIA 

S 20 PSIA 


Open 


t 

Open 
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POSTFLIGHT«FERRY (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


54. After 2 seconds command and verify all the valves of the previous step 
closed. 


Command and verify: 


p- 

‘F 

55 

GOV-4 

LG0V-4I 



1 


GOV-4 

LGOV-4 





GFV-4 

LGFV-4I 





GFV-4 

LGFV-4 





GOV-5 

LG0V-5I 





GOV-5 

LGOV-5 





GFV-5 

LGFV-5I 





GFV-5 

LGFV-5 





GOV- 6 

LG0V-6I 





GOV-6 

LGOV-6 

} 


} 


GFV-6 

LGFV-6I 

P-F 

55 

GFV-6 

LGFV-6 

56. 

After 2 

seconds command 

and verify all the 



closed. 






Command and 

verify: 


P-F 

57 

V-70 

LFFV-2 



When GSE 

at 

C-10 indicates P = ambient. 



Command and 

verify: 


P- 

>F 

58 

V-55 

LFIV-1 





V-55 

LPSV-4 





V-56 

LFIV-2 





V-56 

LPSV-5 


1 


f 

V-57 

LFIV-3 

P- 

•F 

58 

V-57 

LPSV-6 



Purge for 2 

minutes from 

C-11 out through C- 


Open 


Open 


Open 


Open 


t 

Open 


Reduce the purge pressure to 19 PSIA and command and verify in sequence: 


P-F 


V 

P-F 


59 V-70 

V-55 
V-55 
V-56 
V-56 
V-57 
V-57 
' ' T-10 

59 T-11 


LFFV-2 

LFIV-1 

LPSV-4 

LFIV-2 

LPSV-5 

LFIV-3 

LPSV-6 

PfT-4 

PfT-5 


1 S Closed 


1 

1 


I Closed 

f 19 PSIA 

S 19 PSIA 
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POSTFLIGHT-FERRY (Continued) 


PHASE STEP EI^MEMT MEASUREMENT SAMPLES 


Increase purge pressure at C-11 to 35 PSIA, 


Command 

and verify: 



-F 60 

V-58 

LFIV-4 

'I 



V-59 

LPSV-7 




V-60 

LFIV-5 




V-61 

LPSV-8 




V-62 

LFIV-6 




V-63 

LPSV-9 


' 


EFV-1 

LEFV-1 




EFV-2 

LEFV-2 




EFV-3 

LEFV-3 




EFV-4 

LEFV-4 




EFV-5 

LEFV-5 




EFV-6 

LEFV-6 




EFV-7 

LEFV-7 




EFV-8 

LEFV-8 




EFV-9 

LEFV-9 




EFV-10 

LEFV-10 



EFV-1 1 

LEFV-11 


-F 60 

EFV-1 2 

LEFV-12 

1 


The turbofan engine controllers conanand and verify: 


P> 

'F 61 

FCA-1 

LFIV A/B-1 

1 




FCA-1 

LCPRV-1 



* 


FCA-1 

LSPV-1 





FCA-2 

LFIV A/B-2 





FCA-2 

LCPRV-2 





FCA-2 

LSPV-2 



« 


FCA-3 

LFIV A/B -3 


\ 


f 

FCA-3 

LCPRV-3 

1 

P- 

•F 61 

FCA-3 

LSPV-3 

1 


Purge for 5 

minutes , 




Reduce the purge pressure to 19 PSIA. 


USE 


t 

S 


s 


V 

s 


EXPECTED 

VALUE 


Open 


Open 


Open 


f 

Open 


62. The A/B engine controllers command and verify closed the valves of 
step 61 in reverse order to which they were opened. 

63. Command and verify the valves of step 60 closed in reverse order to 
which they were opened. 


Command and verify: 


P-F 

64 

V-28 

LFTW-5 

1 

I 

V-29 

LFTW-6 

t 


V-30 

LFTW-7 

P-F 

64 

V-31 

LFTVV-8 




1 


closed 

V' 

closed 
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POSTFLIGHT^PERRY (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


Terminate purge from C-11 . 
Verify: 


P“F 65 T-5 PfT-2 1 

P-P 65 T*>6 PfT-3 1 

Attach A/B engine covers. 

Command and verify: 

P-F 66 V-44 LOFV-2 1 

When GSE indicates P - ambient at C-9 . 


S 19 PSIA 

S 19 PSIA 


S Open 


Command and verify; 


-F 

67 

V-52 

LLIV-1 

* 

S 

Opel 




V-52 

LPSV-1 








V-53 

LLIV-2 








V-53 

LPSV-2 





1 


1 

V-54 

LLIV-3 


' } 

r 



P-F 


67 


V-54 


LPSV-3 


Open 


Purge for 2 minutes from the on-orbit oxidizer vent out through C-9. 
Reduce the purge pressure to 19 PSIA. 


Command and verify in sequence : 


P-F 


P-F 


68 


68 


V-44 

LOFV-2 

V-52 

LLIV-1 

V-52 

LPSV-1 

V-53 

LLIV-2 

V-53 

LPSV-2 

V-54 

LLIV-3 

V-54 

LPSV-3 

V-24 

LOTW-1 

V-25 

LOTW-2 


dost 


1 

s 


Closed 


Terminate purge from on-orbit oxidizer vent. 
Verify: 

P-F 69 T-4 PoT-3 1 ,^ 


19 PSIA 


70, Complete main engine purge. 




Secure and disconnect the Drain and Purge GSE, 


D-44 


POSTFLIGHT^-FEKRY (Continued) 

PHASE STEP ELEMENT MEASUREMENT S^LES USE 


P-F 

71 

C-1 

LOFC-1 



C-2 

LHC-1,2 



C-3 

LFTVC-1 



C-4 

LHC-3,4 



C-5 

LFFC-1 



C-6 

LHC-5,6 



C-8 

LHC- 7, 8 



C-9 

LOFC-2 



C-10 

LFFC-2 

P-F 

71 

C-11 

LFVC-1 


Purge complete. 



Mechanically lock V- 

■1, 2, 8, 9, 23 


Power down 

the MPS. 



Verify: 



P-F 

72 

V-1 

LOIV-1 



V-2 

LOIV-2 



V-8 

LFIV-1 



V-9 

LFIV-2 



V-2 3 

LOIV-3 



V-2 6 

LFlV-3 

P-F 

72 

V-2 7 

LFIV-4 


23, 26, 27. 


S 


S 


S 


S 


Input flight data to processing system for trend analysis, 
evaluation, and/or maintenance report. 


EXPECTED 

VALUE 

Closed 


Closed 


Closed 

Closed 

performance 


Power down OCMS 
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MAINTENANCE 


1, Tow the orblter to the maintenance area. 

2. Perform maintenance as required per maintenance procedures of 

Appendix C, MCR-70-306^ Issue 3, 

OCMS is powered up, self-checked, and used for retest. 

Verify; 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


M 3 


y t 

M 3 


V-1 

V-2 

V-3 

V-4 

V-5 

V-6 

V-7 

V-8 

V-9 

V-10 

V-11 

V-12 

V-13 

V-14 

V-19 

V-20 

V-21 

V-22 

V-23 

V-24 

V-25 

V-26 

V-2 7 

V-28 

V-2 9 

V-30 

V-31 

V-3 2 

V-33 

V-34 

V-3 5 

C-1 

C-2 

C-3 

C-4 

C-5 

C-6^ 

C-8 , 

C-11 

T-3 

T-5 

T-6 


LOIV-1 

LOIV-2 

LOW-1 

LOW- 2 

LOW-3 

LOW-4 

LOPV-1 

LFIV-1 

LEIV-2 

LFTW-1 

LFTW-2 

LFTW-3 

LFTW-4 

LFFV-1 

LOPCV-1 

LOPCV-2 

LFPCV-1 

LFPCV-2 

LOIV-3 

LOTW-1 

LOTW-2 

LFIV-3 

LFIV-4 

LFTW-5 

LFTW-6 

LFTW-7 

LFTVV-8 

LOPV-1 

LOPV-2 

LFPV-1 

LFPV-2 

LOFC-1 

LHG-1, 2 

LFTVC-1 

LHC-3, 4 

LFFG-1 

LHC-5, 6 

LHC-7, 8 

LFVC-1 

PfT-1 

PfT-2 

PfT-3 


1 S 


? 

1 


S 


EXPECTED 

VALUE 


Closed 


y 

Closed 
19 .PSIA 

f 

19 PSIA 
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MAIKTENMCE (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


M 

} T-1 

T-2 
T-4 
L-20 

PoT-1 

PoT-2 

PoT-3 

PfL-1 

£ 

i 19 

' ' 1 

f L-21 

PfL-4 1 

f \ 

' f 


M 


L-17 


PoL“2 


19 PSIA 


Verify : 




i 


PoL-8 

PoL-9 

PfL-9 

PfL-10 


I 


I 


19 PSIA 


19 PSIA 


Verify : 


M 5 


M 5 

Verify: 


M 6 


M 6 


V-36 

LOPV-3 

V-37 

LOPV-4 

V-38 

LOPV-5 

V-39 

LOPV-6 

V-40 

LFPV-3 

V-41 

LFPV-4 

V-42 

LFPV-5 

V-43 

LFPV-6 

V-44 

L0FV?2 

V-70 

LFFV-2 

C-9 

LOFC-2 

C-10 

LFFC-2 

T-8 

PoT-4 

T-9 

PoT-5 

T-10 

PfT-4 

T-11 

PfT-5 


GOV-1 

GOV-1 

GOV-2 

GOV-2 

GOV-3 

GOV-3 

GFV-1 

GFV-1 

GFV-2 

GFV-2 

GFV-3 

GFV-3 

V-52 

V-52 


LGOV-II 

LGOV-1 

LGOV-2 

LGOV-2I 

LGOV-3 

LGOV-3I 

LGFV-1 

LGFV-II 

LGFV-2 

LGFV-2I 

LGFV-3 

LGFV-3I 

LLIV-1 

LPSV-1 


S Closed 


1 


f 

S 


? 


Closed 

19^PSIA 

19 PSIA 


1 S Closed 


1 


t t 

S Closed 
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MAINTENANCE (Continued) 


PHASE STEP ELEMENT 




6 


1 

M 


6 


V-53 

V-53 

V-54 

V~54 

V-55 

V-55 

V-56 

V-56 

V-57 

V-57 

G-1 

G*-l 

G-2 

G“2 

G-3 

G-3 


Verify: 


M 7 GEV-4 

GFV~4 
GFV-5 
GFV-5 
GFVC-6 
GFV-6 
GOV-4 
GOV-4 
GOV-5 
GOV-5 
GOV-6 
GOV-6 
V-58 
V-59 
V-60 
V-61 
V-62 
V-63 
EFV-1 
EFV-2 
EFV-3 
EFV-4 
EFV-5 
EFV-6 
EFV-7 
EFV-8 
EFV-9 
EFV-10 
EFV-11 
EFV-12 


M 


7 


MEASUREMENT SAMPLES 

LPSV-2 

LLIV-L 

LLIV-3 

LPSV-3 

LFIV-1 

LPSV-4 

LFIV-2 

LPSV-5 

LFIV-3 

LPSV-6 

LIOV-38 

LIFV-38 

LIOV-39 

LIFV-39 

LIOV-40 ' ' 

LIFV-40 1 


USE 

S 


S 


LGFV-4I 1 S 

LGFV-4 
LGFV-5I 
LGFV-5 
LGFV-6I 
LGFV-6 
LG0V-4I 
LGOV-4 
LGOV-5I 
LGOV-5 
LGOV-6I 
LGOV-6 
LFIV-4 
LPSV-7 
LFIV-5 
LPSV-8 
LFIV-6 
LPSV-9 
LEFV-1 
LEFV-2 
LEFV-3 
LEFV-4 
LEFV-5 
LEFV-6 
LEFV-7 
LEFV-8 
LEFV-9 
LEFV-IO 
LEFV-11 
LEFV-12 
PfL-11 

PfL-12 U 

PfL-13 1 


f 

S 


EXPECTED 

VALUE 

Closed 


f 

Closed 


Closed 


7 

Closed 
19 PSIA 
19 PSIA 
19 PSIA 
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MAINTENANCE (Continued) 

PHASE STEP ELEMENT , MEASUREMENT SAMPLES USE 


The A/B engine controllers shall verify the following: 


M 

8 

FCA-l 

LFIVAB-1 

1 

s 





FCA-1 

LCPRV-1 








ECA-1 

LSpV-1 








FCA-2 

LFIVA/B-2 








FGA-2 

LCPRV-2 








FCA-2 

LSPV-2 








FCA-3 

LFIVA/B-3 



1 

' 

1 

1 

r 

FGA-3 

LCPRV-3 


[ 


1 

I 

8 

FCA-3 

LSPV-3 

1 

s 


Retract the engine cradles. 


V.A.B. MATE 

1, Repeat step M'-3. 

2. Verify the following: 

phase step ET.RMKNT MEASUREMENT SAMPLES USE 


V.A.B. 2 


V.A.B. 2 


T-3 

TfT-1 

T-5 

TfT-2 

T-6 

TfT-3 

T-1 

ToT-1 

T-2 

ToT-2 

T-4 

ToT-3 

T-3 

QfT-1 

T-3 

QfT-2 

T-3 

QfT-3 

T-5 

QfT-4 

T-5 

QfT-5 

T-5 

QfT-6 

T-6 

QfT-7 

T-6 

QfT-8 

T-6 

QfT-9 

T-1 

QoT-1 

T-1 

QoT-2 

T-1 

QoT-3 

T-2 

QoT-4 

T-2 

QoT-5 

T-2 

QoT-6 

T-4 

QoT-7 

T-4 

QoT-8 

T-4 

QoT-9 

PfL-2 

PfL-3 

L-20 

TfL-1 

TfL-2 

TfL-3 


1 


S 


1 


t 

S 


EXPECTED 

VALUE 


Closed 


? 

Closed 


EXPECTED 

VALUE 


Ambient 


1 

Ambient 

uncovered 


▼ 

Uncovered 
19 PSIA 
19 PSIA 
Ambient 
Ambient 
Ambient 
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V.AqB. mate (Continued) 
PHASE STEP ELEMENT 


SAMPLES USE 


EXPECTED 

VALUE 



PAYLOAD INSTALLATION 

1, , Repeat steps V.A.B, - 2. 
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PREIAUNGH 


Connect electronics coolant GSE and Ground Power GSE, 

Power up OCMS and all propulsion systems. 

Perform OCMS self-check. 

1, Remove the mechanical stops from V-1, 2, 8, 9, 25j 26, 27. 

Verify; 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE 


PL 


PL 


7 

1 


V-1 

LOIV-1 

V-2 

LOIV-2 

V-8 

LFIV-1 

V-9 

LFIV-2 

V-23 

LOIV-3 

V-26 

LFIV-3 

V-27 

LFIV-4 


Verify leak integrity: 


PL 


7 

2 


T-3 

PfT-1 

T-5 

-P-f-T-2 

T-6 

PfT-3 

T-1 

PoT-1 

T-2 

Pol-2 

T-4 

Pol-3 


PoL-1 

L-17 

PoL-2 

L-18 

PoL-3 

L-20 

PfL-1 


PfL-2 


PfL-3 

L-21 

PfL-4 

L-3 

PoS-1 

L-4 

PoS-2 

L-8 

PfS-1 

L-9 

PfS-2 

L-14 

PgF-1 

0-5 

PgF-2 

L-16 

PgF-3 

L-13 

PgO-1 

0-3 

PgO-2 

L-15 

PgO-3 

C-5 

PfF-1 

C-1 

PoF-1 

L-7 

PgRL-1 

F-4 

PoL-10 

F-5 

PfL-14 


1 S Closed 


7 

1 


7 7 . 

S Closed 


S 


15-20 PSIA 


1 


7 

15-20 PSIA 


PL 


7 

S 
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PREIAUNCH (Continued) 
PHASE STEP 


EXPECTED 

MEASUREMENT SAMPLES USE VALUE 


Command and verify: 

PL 3 MEC-1 
PL 3 MEG-2 
PL 3 MEC-3 


Command and verify: 


PL 


PL 


4 V-1 

V-2 
V-8 
V-9 
V-23 
V-26 
4 V~27 


Verify: 


T 

PL 


5 


V 

5 


V-3 

V-4 

V-5 

V-6 

V-7 

V-10 

V-11 

V-12 

V-13 

V-14 

V-19 

V-21 

V-22 

V-23 

V-24 

V-25 

V-28 

V-29 

V-30 

V-31 

V-32 

V-33 

V-34 

V-35 

C-1 

C-2 

G-3 

C-4 

G-5 

C-6 

C-8 

C-11 

V-20 


LOIV-1 

LOlV-2 

LFlV-1 

LFIV-2 

LOIV-3 

LPIV-3 

LPIV-4 


LOW-1 

LOW- 2 

LOW-3 

LOW-4 

LOFV-1 

LFTW-1 

LPTW-2 

LFTW-3 

LFTW-4 

LFFV-1 

LOPGV-1 

LFPCV-1 

LFPCV-2 

LOIV-3 

LOTW-1 

LOTW-2 

LFTW-5 

LFTW-6 

LFTW-7 

LFTW-8 

LOPV-1 

LOPV-2 

LFPV-1 

LFPV-2 

LOFC-1 

LHC-1, 2 

LFTVG-1 

LHC -3, 4 

LFFC-1 

LHG-5, 6 

LHC-7,8 

LFVC-1 

LOPCV-2 


1 S On 

1 S On 

1 S On 


1 S Open 


t t I 

1 S Open 


1 S Closed 


V 

1 


1 

s 


1 . ' 

closed 
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PRELAUNCH (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


6. (a) Connect hydraulic GSE. 

(b) Connect GN2 purge GSE, 

(c) M.E.G-1^ 2 conduct dry main engine start and 

sequence , 


Status is reported to GGC. 


Verify: 


PL 


t 

PL 


PL 


PL 


PL 


PL 


t 

PL 


7 

7 

Simulate ; 

7 

Verify: 

8 


▼ 

8 

And simulate 


f 

8 


TR-(l-37) 

LBIV-(l-37) 

TR(l-37) 

LMBV-(l-37) 

TR(l-37) 

LIOV-(l-37) 

TR(l-37) 

LIFV-(l-37) 

TR(l-37) 

VII- (1-37) 

TR(l-37) 

HE- (1-37) 

TC-(l-37) 

PC- (1-37) 


V-36 

LOPV-3 

V-37 

LOPV-4 

V-38 

LOPV-5 

V-39 

LOPV-6 

V-40 

LFPV-3 

V-41 

LFPV-4 

V-42 

LFPV-5 

V-43 

LEPV-6 

V-44 

LOFV-2 

V-70 

LFFV-2 

C-9 

LOFC-2 

C-10 

LFFC-2 

T-8 

PoT-4 

T-9 

PoT-5 

T-10 

PfT-4 

T-11 

P£T-5 

PoL-8 

PoL-9 

PfL-10,9 


F-6 

PoL-6 

PoL-4 

T-8 

PoT-6 

T-8 

ToT-4 

T-9 

ToT-5 

T-9 

PoT-7 

F-7 

PoL-5 


PoL-7 

PfL-7 


1 


1 


▼ 

1 


1 

1 


S 


s 


C/0 


s 


7 

s 


C/0 


1 

c/0 


EXPECTED 

VALUE 


shutdown 


Closed 

Closed 
0 VDC 
0 


300 PSIA 


Closed 


f 

Closed 
19 PSIA 


19 PSIA 


400 PSIA 
1500 PSIA 
1500 PSIA 


1500 PSIA 
1500 PSIA 
400 PSIA 
400 PSIA 
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PRELAUNCH (Continued) 
PHASE STEP ET.KMEWT 


EXPECTED 

MEASUREMENT SAKPLES USE VALUE 


PL 8 


PL 


8 


Verify: 


PL 9 


PL 


9 


F-8 

T-10 

T-10 

T-11 

T-11 

F-9 


GOV-1 

GOV-1 

GOV-2 

GOV-2 

GOV-3 

GOV-3 

GFV-1 

GFV-1 

GFV-2 

GFV-2 

GFV-3 

GFV-3 

V-52 

V-52 

V-53 

V-53 

V-54 

V-54 

V-55 

V-55 

V-56 

V-56 

V-57 

V-57 


PfL-5 

PfT-6 

TfT-4 

TfT-5 

PfT-7 

PfL-6 

PfL-8 


LGOV-1 

LGOV-II 

LGOV-2 

LG0V-2I 

LGOV-3 

LG0V-3I 

LGFV-1 

LGFV-II 

LGFV-2 

LGFV-2I 

LGFV-3 

LGFV-3I 

LLIV-1 

LPSV-1 

LLIV-2 

LPSV-2 

LLlV-3 

LPSV-3 

LFIV-1 

LPSV-4 

LFIV-2 

LPSV-5 

LFIV-3 

LPSV-6 


and: 


1 C/0 1500 PSLA 

! 1 1500 PSIA 


I ! 1500 PSIA 
7 7 1500 PSIA 
1 C/0 400 PSIA 


1 S Closed 


1 


S 


f 

Closed 


PL 

9 G-1 

LIOV-38 

] 


s 




G-1 

LIFV-38 







G-2 

LIOV-39 







G-2 

LIFV-39 







G-3 

LIOV-40 







G-3 

LIFV-40 







G-1 

VII-38 







G-2 

VII-39 







G-3 

VII “40 







G-1 

VIEO-1 







G-2 

VIEO-2 







G-3 

VlEO-3 







G-1 

IIE-38 





r 

1 

1 G-2 

IIE-39 

1 

r 


PL 

9 G-3 

IIE-40 

1 

s 


Closed 


Closed 

OV 

OV 

OV 

OVDC 

OVDC 

OVDC 

0 

0 

0 
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PRETATTNGH (Continued) 

PHA5E STEP ELEMENT MEASUREMENT SAJiffLES USE 


PL 

PL 

PL 


PL 


PL 


? 

PL 


9 

9 

9 

and simulate: 
9 


q 

and ; , 

9 


9 


PT-1 

PT~2 

PT-3 


G-1 

G-2 

G-3 

G-1 

G-2 

G-3 

V-46 

V-49 

H-4 

H-7 

H-4 

H-7 

P-1 

P-4 

V-47 

V-50 

H-5 

H-8 

H-5 

H-8 


P-2 
P-5 
V-48 
V-51 
H-6 
. H-9 

H-6 
H-9 
P-3 
P-6 
U-1 
U-1 
U-2 
U-2 
U-3 
U-3 
P-1 
P-1 
P-2 


QPTL-1 

QPTL-2 

QPTL-3 


PC-38 

PC- 3 9 

PC-40 

TC-1 

TC-2 

TC-3 

PCV-1 

PCV-4 

PHEO-1 

PHEO-4 

THE-1 

THE-4 

PPD-1 

PPD-4 

PCV-2 

PCV-5 

PHEO-2 

PHEO-5 

THE- 2 

THE-5 


PPD-2 

PPD-5 

PCV-3 

PCV-6 

PHEO-3 

PHEO-6 

THE-3 

THE- 6 

PPD-3 

PPD-6 

NT-1 

AT-1 

NT- 2 

AT- 2 

NT-3 

AT-3 

NP-1 

AP-1 

NP-2 


1 

1 

1 


S 

S 

S 


C/0 


t t 

1 C/0 


1 C/0 


t t 

1 c/0 


EXPECTED 

VALUE 


1500 PSIA 
1500 PSIA 


1500 PSIA 


1500 PSIA 


1500 PSIA 


▼ 

1500 PSIA 


1500 PSIA 
1500 PSIA 
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PRELAUNCH (Continued) 

phase STEP ET.EMRWT liEASUREMENT SAMPLES USE 


7 

PL 


9 P-2 AP-2 

P~3 NP-3 

P-3 AP-3 

P-4 NP-4 

P-4 AP-4 

P-5 NP-5 

P-5 AP-5 

P-6 NP-6 

P-6 AP-5 

PT-1 NS-1 

PT-2 KS-2 

PT-3 NS-3 

'CL-1 AC-1 

CL-2 AC-2 

i^-3 AC-3 

CL-4 AC-4 

,,CL-5. AC-5 

' CLr6 AC-6 

CLl-7 AC-7 

CL-8 AC-8 

' ^ GL-9 AC-9 

9 P-1 TPB-1 


And ; 


t 

PL 


9 P-2 

P-3 
P-4 
P-5 
P-6 
PT-1 
PT-2 
PT-3 
PT-1 
PT-2 
PT-3 
PT-1 
7 PT-2 

9 PT-3 


TPB-2 

TPB-3 

TPB-4 

TPB-5 

TPB-6 

TPTB-1 

TPTB-2 

TPTB-3 

TPTL-1 

TPTL-2 

TPTL-3 

PPTL-1 

PPTL-2 

PPTL-3 


OCMS will conduct a dry A/B start. 


1 C/0 


1 C/0 


1 c/0 


1 


f 

G/0 


Verify: 


PL 

10 

V-58 

LFIV-4 



S 





V-60 

LPlV-5 








V-62 

LFIV-6 








V-59 

LPSV-7 






1 


V-61 

LPSV-8 



¥ 

PL 

10 

V-63 

LPSV-9 

1 

s 


EXPECTED 

VALUE 


Closed 


¥ 

Closed 
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PRP.TATmCH (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


PL 


PL 


10 G-4 

G-4 
G-4 
GEV-4 
GFV-4 
GOV-4 
f GOV-4 

10 PT-4 


VII-41 

IIE-41 

VIEO-4 

LGEV-4I 

LGFV-4 

LG0V-4I 

LGOV-4 

QTPL-1 


1 


S 


s 


OVDC 

0 

OVDC 

Closed 

I 

Closed 


Simulate! 


?L 

10 

U-4 

NT-4 

; 

C 




• PT-4 

AT-4 






PT-4 

PTPL-1 






PT-4 

TTPL-1 




1 

r 

P-7 

PPD-7 


f f 


PL 


10 


P-7 


AP-7 


C/0 


50 PSIA 


Verify: 


PL 

11 

G-5 

VII-42 



S 




G-5 

IIE-42 







G-5 

VIEO-5 







GFV-5 

LGFV-5I 







GFV-5 

LGFV-5 







G0V*-5 

LG0V-5I 




} ' 

\ 

f 

GOV-5 

LGOV-5 


f 

' f 


PL 11 PT-5 QTPL-2 1 S 


OVDC 

0 

OVDC 

Closed 


Closed 


Simulate : 


PL 

11 

U-5 

HT-5 : 

C/ 





U-5 

AT-5 






PT-5 

PTPL-2 






PT-5 

TTPL-2 


1 

\ 

f 

1 

t 

P-8 

PPD-8 ' 

^ f 


PL 


11 


P-8 


AP-8 


G/0 


Verify: 


PL 


PL 


12 G-6 

G-6 
G-6 
GFV-6 
GFV-6 
GOV-6 
' ' GOV-6 

12 PT-6 


VII-43 

IIE-43 

VIEO-6 

LGFV-6I 

LGW-6 

LG0V-6I 

LGOV-6 

QTPL-3 


S 


t t 

1 S 


50 PSIA 


OVDC 

0 

OVDC 

Closed 


Closed 
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PRELAUNCH (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


Simulate: 


PL 

12 

U-6 

NT- 6 

1 





U-6 

AT-6 






PT-6 

PTPL-3 






PT-6 

TTPL-3 


1 




P-9 

PPD-9 

1' 

PL 

12 

P-9 

AP-9 

1 


Verify: 





PL 

1 

3 

SFV-1 

LEFV-1 

1 





EFV-2 

LEFV-2 






EFV-3 

LEFV-3 






SFV-4 

LEFV-4 






EFV-5 

LEFV-5 






EFV-6 

LEFV-6 






EFV-7 

LEFV-7 






EFV-8 

LEFV-8 






EFV-9 

LEFV-9 






EFV-10 

LEFV-10 






EFV-11 

LEFV-11 






EFV-12 

LEFV-12 







PfL-il 


1 



f 


PfL-12 

V 

PL 

13 


PfL-13 

1 


C/0 

f 

G/0 


S 


S imulate : 


PL 

13 

PL 

13 

PL 

13 


TfL-6 

1 

C/0 

TfL-7 

1 

C/0 

TfL-8 

1 

c/0 


A/B EoC.-l will conduct a dry start of T.F.-l by 
verifying : 


PL 

14 

FCA-1 

LFIVA/B-1 

L 

S 





FCA-1 

LCPRV-1 







FH-1 

VFH-1 







FH-1 

IFH-1 







IGN-1 

VIIA/B-1 







IGN-1 

III-l 







IGN-1 

VIEO-1 




i 



LA-1 

QLO-1 ^ 

1 


PL 

14 

FCA-1 

LSPV-1 1 

s 


50 PSLA 


Closed 


Closed 
19 PSIA 
19 PSIA 
19 PSIA 


Closed 

Closed 

OVDC 

OADC 

OVDC 

0 

OVDC 


Closed 
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PREIAUNCH (Continued’) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES 

and simulating ; 


PL 

14 

FCA-l 

NVDVP-1 

1 





FCA-1 

PDVDVP-1 






LA-1 

PSPD-1 






LA-1 

TSPD-1 




- 


FM-1 

FfF-1 






TF-1 

NHPT-1 






FD-1 

FLB-1 






TF-1 

PFI-1 






TF-1 

TIA-1 






TF-1 

NF-1 






TF-1 

PHPT-1 






TF-1 

THPT-1 






TF-1 

PED-1 






TF-1 

TED-1 






TF-1 

TLPTD-1 





r 

TF-1 

TCI-1 

U 

PL 

14 

LA-1 

PG-1 


PL 

14 

LA-1 

PLPD-1 

1 



As well 

as : 




PL 

14 

TF-1 

PfCCI-1 

1 





TF-1 

TfCCI-1 






TF-1 

TTB-1 






FCA-1 

TFH-1 






FCA-1 

NVDVP-1 






TF-1 

AFFB-1 






TF-1 

AFCB-1 






TF-1 

ALPRB-1 






COMP-1 

Fie-1 


PL 

14 

COMP-1 

ACEC-l 

1 


A/B E.C.-2 will conduct a dry start of T.F.-2 by 
verifying: 


PL 

15 

FCA-2 

LFIVA/B-2 






FCA-2 

LGPRV-2 






FH-2 

VFH-2 






FH-2 

IFH-2 






IGN-2 

VIIA/B-2 






IGN-2 

III-2 






IGN-2 

VIEO-2 


\ 


\ 

f 

LA- 2 

QLO-2 


PL 

15 

FCA-2 

LSPV-2 

1 



And simulating: 



PL 

15 

FCA-2 

NVDVP-2 






FCA-2 

PDVDVP-2 






LA-2 

PLPD-2 






LA- 2 

PSPD-2 






LA- 2 

TSPD-2 



’ 



FM-2 

FfF-2 

? 

PL 

. 15 

TF-2 

NHPT-2 

, , 


USE 


C/0 


G/0 

C/0 


C/0 


C/0 


s 


c/0 


? 

c/0 


EXPECTED 

VALUE 


Closed 

Closed 

OVDC 

OADC 

OVDC 

0 

OVDC 

Closed 
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PRELAUNCH (Continued) 


PHjI^E 

! STEP 

ELEMENT 

MEASUREMENT SAMPLES 

USE 

PL 

15 

FD-2 

FLB-2 1 


C/0 





TF-2 

PFI-2 








TF-2 

TIA-2 








TF-2 

NF-2 








TF-2 

PHPT-2 








TF-2 

THPT-2 








TF-2 

PED-2 








TF-2 

TED -2 








TF-2 

TLPTD-2 





r 


r 

TF-2 

TCI-2 ' 

r 

1 

r 

PL 

15 

LA-2 

PG-2 1 


C/0 


As well 

as : 




PL 

15 

TF-2 

PfCCI-2 1 


G/0 





TF-2 

TfCCI-2 








TF-2 

TTB-2 








FCA-2 

TFH-2 








FCA-2 

NVDVP-2 








TF-2 

AFFB-2 








TF-2 

AFCB-2 








TF-2 

ALPRB-2 





r 

' 

F 

COMP-2 

FIC-2 ' 

f 

1 

f 

PL 

15 

COMP -2 

ACEG-2 1 

G/0 


A/B E.C 


3 will conduct 

a dry start of T.F.-3 by verifying: 

PL 

16 

FCA-3 

LFIVA/B-3 ] 


S 





FCA-3 

LCPRV-3 








FH-3 

VFH-3 








FH-3 

IFH-3 








IGN-3 

VIIA/B-3 








IGN-3 

III-3 








IGN-3 

VIEO-3 




\ 


1 


LA- 3 

QLO-3 y 

f 

V 


PL 

16 

FCA-3 

LSPV-3 1 


s 


And s imul at Ing : 




PL 

16 

FCA-3 

NVDVP-3 : 

L 

c/0 





FCA-3 

PDVD VP-3, 








LA- 3 

PLPD-3 








LA- 3 

PSPD-3 








LA-3 

TSPD-3 








FM-3 

FfF-3 





> 



TF-3 

NHPT-3 








FD-3 

FLB-3 








TF-3 

PFI-3 








TF-3 

TIA-3 








TF-3 

NF-3 




1 


1 


TF-3 

PHPT-3 



V 

PL 

16 

TF-3 

THPT-3 

1 

c/0 


EXPECTED 

VALUE 


Closed 

Closed 

OVDC 

OADC 

OVDC 

0 

OVDC 

Closed 
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PRELAUNCH (Continued) 


PHASE 

STEP 

ELEMENT 

MEASUREMENT 

SAMPLES 

USE 

PL 

16 

1 

TF-3 

TF-3 

TF-3 

PED-3 

TED-3 

TLPTD-3 

1 

1 

C/0 

1 


PL 16 

As well as : 
PL 16 


TF-3 
LA- 3 


TF-3 

TF-3 

TF-3 

FCA-3 

FCA-3 

TF-3 

TF-3 

TF-3 


TCI-3 

PG-3 


PfCCI-3 

TfCCI-3 

TTB-3 

TFH-3 

NVDVP-3 

AFFB-3 

AFCB-3 

ALPKB-3 


Stop and disconnect Zero-G lube GSE. 
Replace all solid start cartridges. 
Command all propulsion systems off. 

Command all engine controllers off. 

Power down OGMS, 

Disconnect all GSE, 


C/0 


C/0 


T 


COMP-3 

FIC-3 

t 

Y 

PL 

16 

GOMP-3 

AGEC-3 

1 

c/o 


Remove all solid start 

cartridges . 




A/B E,C,-1, 

2 , 3 will 

command and verify: 



PL 

17 

SC-1 

VC-1 

1 

c/0 

PL 

17 

SC-2 

VC-2 

1 

c/o 

PL 

17 

SC-3 

VC-3 

1 

c/o 


Then command 

and verify: 



PL 

17 

SC-1 

VC-1 

1 

c/o 

PL 

17 

SC- 2 

VC- 2 

1 

c/o 

PL 

17 

SC-3 

VC-3 

1 

c/o 


Connect Zero 

-G lube pressurization GSE 




A/B E.C.- 1 , 

2 , 3 will 

verify: 



PL 

18 

LA-1 

PZGL-1 

1 

c/o 

PL 

18 

LA-2 

PZGL-2 

1 

c/o 

•PL 

18 

LA- 3 

PZGL-3 

1 

c/o 


SXPECTEE 

VALUE 


28 VDC 
28 VDC 
28 VDC 


OVDC 

OVDC 

OVDC 


Tow orbiter to pad 



LAUNCH 

1 . 

2 . 

3. 

PHASE 

L 


1 

L 


D-61 


Connect orbiter to pad electrical interfaces . 

Connect Electronic collant GSE, 

Power up OCMS. Conimand OCMS self-check. 

Power up all engine controllers. Command controller self-checks. 
Power up all propulsion systems. 

Verify: 

expected 

STEP ELEMENT MEASUREMENT SAMPLES USE VALUE 


t 

3 


V-1 

LOIV-1 

V-2 

LOIV-2 

V-3 

LOW-1 

V-4 

LOW-2 

V-5 

LOW- 3 

V-6 

LOW-4 

V-7 

LOFV-1 

V-8 

LFIV-1 

V-9 

LFIV-2 

V-10 

LFTW-1 

V-11 

LFTW-2 

V-12 

LFTW-3 

V-13 

LFTW-4 

V-14 

LFFV-1 

V-19 

LOPCV-1 

V-20 

LOPCV-2 

V-21 

LFPCV-1 

V-22 

LFPCV-2 

V-23 

LOIV-3 

V-24 

LOTW-1 

V-25 

LOTW-2 

V-26 

LFIV-3 

V-27 

LFIV-4 

V-28 

LFTW-5 

V-29 

LFTW-6 

V-30 

LFTW-7 

V-31 

LFTW-8 

V-3 2 

LOPV-1 

V-33 

LOPV-2 

V-34 

LFPV-1 

V-35 

LFPV-2 

C-1 

LOFC-1 

C-2 

LHC- 1^2 

C-3 

LFTVC-l 

C-4 

LHC -3, 4 

C-5 

LFFC-1 

C-6 

LHC-5,6 

C-8 

LHC-7,8 

G-11 

LFVC-1 

T-3 

PfT-1 

T-5 

PfT-2 

T-6 

PfT-3 


1 S Open 

j Open 

Closed 


t 

Closed 

Open 

Open 

Closed 


Closed 

Open 

Closed 

Closed 

Open 

Open 

Closed 




t 


Closed 
15-20 PSIA 


15-20 PSIA 





LAUNCH (Continued) 


EKPEGTED 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE 


3 


T-1 

PoT-1 

T-2 

PoT-2 

T-4 

PoT-3 

PoL-1 

L-17 

PoL-2 

L-18 

PoL-3 

L-20 

PfL-L 

PfL-2 

P£L-3 

L-21 

PfL-4 

L-3 

POS-1 

L-4 

POS -2 

L-8 

PfS-1 

L-9 

PfS-2 

C-5 

PfF-I 

C-1 

PoF-1 

L-7 

RgRL-1 

F-4 

PoL-10 

F-5 

PfL-14 

L-14 

PgF-1 

0-5 

PgP -2 

L-16 

PgF -3 

L-13 

PgO-1 

0-3 

PgO -2 

L-15 

PgO -3 


1 S 15-20 PSIA 


▼ i V 

1 S 15-20 PSIA 


M.E.C. -1^2,3 will verify actuators locked, and igniters de-energized. 
4. Remove all protective covers. 


5. Verify RGS doors closed 


Verify: 


L 

( 

) 

TR-(l-37) 

LBIV-(l-37) 



S 




TR-Cl-37) 

LMBV-(l-37) 







TR-Cl-37) 

LI0V-(l-37) 







TR-(l-37) 

LlFV-(l-37) 







TR-(l-37) 

VII- (1-37) 







V-36 

LOPV-3 







V-37 

LOPV-4 







V-38 

LOPV-5 







V-39 

LOPV-6 







V-40 

LFPV-3 







V-41 

LFPV-4 







V-42 

LFPV-5 







V-43 

LFPV-6 







V-44 

LOFV-2 






' 

V-70 

LFFV-2 







C-9 

LOFC-2 







C-10 

LFFC-2 




y 

\ 

r 

T-8 

PoT-4 

' 


y 

L 


6 

T-9 

PoT-5 


. 

s 


Closed 


Closed 

OVDC 

Closed 


Closed 
19 PSIA 
19 PSIA 
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LAUNCH (Continued) 

PHASE STEP ELEMENT 
L 6 T-10 



L 6 


Verify: 



GOV-1 

GOV-1 

GOV- 2 

GOV-2 

GOV-3 

GOV-3 

GFV-1 

GFV-1 

GFV-2 

GFV-2 

GFV-3 

GFV-3 

V-52 

V-52 

V-53 

V-53 

V-54 

V-54 

V-55 

V-55 

V-56 

V-56 

V-57 

V-57 

G-1 

G-2 

G-3 

G-1 

G-2 

G-3 

G-1 

G-2 

G-3 


MEASUREMENT 

PfT-4 

PfT-5 

PoL-8 

PoL-9 

PfL-9 

PfL-10 


LGOV-1 

LGOV-II 

LGOV-2 

LGOV-2I 

LGOV-3 

LG0V-3I 

LGFV-1 

LGFV-II 

LGFV-2 

LGFV-2I 

LGFV-3 

LGFV-3I 

LLIV-1 

LPSV-1 

LLIV-2 

LPSV-2 

LLIV-3 

LPSV-3 

LFIV-1 

LPSV-4 

LFIV-2 

LPSV-5 

LFIV-3 

LPSV-6 

LIOV-38 

LIOV-39 

LIOV-40 

LIFV-38 

LIFV-39 

LIFV-40 

VII-38 

VII-39 

VII-40 


Verify: 


L 8 



L 8 


GFV-4 

LGFV-4I 

GFV-4 

LGFV-4 

GOV-4 

LGOV-41 

GOV-4 

LGOV-4 

GFV-5 

L6FV-5I 

GFV-5 

LGFV-5 



S Closed 
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launch (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


L 


3 

GOV-5 

LG0V-5I 

1 




GOV-5 

LGOV-5 





GFV-6 

LGFV-6I 





GFV-6 

LGFV-6 





GOV-6 

LG0V-6I 





GOV-6 

LGOV-6 





V-58 

LFIV-4 





V-S9 

LPSV-7 





V-60 

LFIV-5 





V-61 

LPSV-8 





V-62 

LFIV-6 





V-63 

LPSV-9 





G-1 

VII-41 





G-2 

VII-42 





G-3 

VIl-43 





EFV-1 

LEFV-1 





EFV-2 

LEFV-2 





EFV-3 

LEFV-3 





EFV-4 

LEFV-4 





EFV-5 

LEFV-5 





EFV-6 

LEFV-6 





EFV-7 

LEFV-7 





EFV-8 

LEFV-8 





EFV-9 

LEFV-9 





EPV-10 

LEFV-10 





EFV-11 

LEFV-11 


1 1 

1 

r 

EFV-12 

LEFV-12 

PfL-11 

PfL-12 

V 

L 

8 


PfL-13 

1 


A/B E.C. 

-1,2^3 will verify 

* 

• 


L 

c 


FCA-1 

LFIVA/B-1 

1 




FCA-1 

LCPRV-1 





FCA-1 

LSPV-1 





IGN-1 

VIIA/B-1 





FCA-2 

LFIVA/B-2 





FCA-2 

LCPRV-2 





FCA-2 

LSPV-2 





IGN-2 

VIIA/B-2 





FGA-3 

LFIVA/B-3 





FCA-3 

LCPRV-3 


U 



FCA-3 

LSPV-3 

T 




IGN-3 

VIIA/B-3 



Closed 


Closed 

OVDC 


t 


OVDC 

Closed 


S 


1 

Closed 
19 PSIA 

T 

19 PSIA 


Closed 

Closed 

OVDC 

Closed 

Closed 

OVDC 

Closed 

I 

Closed 

OVDC 


10 Connect helium servicing GSE to each main engine purge 
accumulator and service with 2000 Psia dry helium. 
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LAUNCH (Continued^ 

PHASE STEP ELEMENT 


EXPECTED 

MEASUREMENT SAMPLES USE VALUE 


Connect the Propellant-gervicing and Pressurization GSE to the following 
couplings and verify; 


L 


▼ 

11 


C-1 

LOFC-1 

C-2 

LHC-1, 2 

C-3 

LFTVC-1 

C-4 

LHC-3,4 

C-5 

LFFC-1 

C-6 

LHC-5,6 

C-8 

LHC-7,8 

C-9 

LOFC-2 

C-10 

LFFC-2 

C-11 

LFVC-1 


7 

1 


S Open 


7 

s 


7 


Open 


Command pre-propellant loading purge sequence of the main engines. 
When the main engine controllers indicate "ready for propellants''^^ 



command 

and verify: 







L 

12 

V-1 

LOIV-1 

] 

L 

< 

5 

Closed 




V-2 

LOIV-2 





Closed 




V-7 

LOFV-1 





Open 

? 


r 

V-24 

LOTW-1 

7 

1 


7 

L 

12 

V-25 

LOTW-2 

1 

S 

Open 


Command LOX transfer to slow mode. 

Verify operations by checking: 

L 13 L-17 ToL“2 1 S <200°R 

When: 

L 14 T-4 QoT-7 lO/sec C Covered 

Command LOX recirculation helium on at C-2, and command LOX transfer to 
fast fill. 


When; 


L 15 T-4 QoT-8 10/sec C Covered 

Command LOX transfer to slow fill and command termination of helium 
re c ir culat ion , 

When: 


L 16 T-4 QoT-9 10/sec C Covered 
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LAUNCH (Continued) 

PHASE STEP KT.KMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


Command LOX to mode hold. 

Verify: 

164+3 OR 

V 

Visually check for leakage with scan cameras. 


17 




1 


17 


T-4 

L-17 

L-3 

L-4 

L-17 

L-3 

L-4 

L-7 


ToT-3 

ToL-2 

ToS-1 

ToS-2 

PoL-2 

PoS-1 

PoS-2 

PeEL“l 


Commence monitoring for leakage with compartment gas analyzers . 
Command and verify: 


18 


? 

18 


V-3 

V-4 

V-5 

V-6 

V-1 

V-23 


LOW-1 
LOW- 2 
LOW-3 
low-4 
LOIV-1 
LOIV-3 


Command LOX transfer to slow mode. 
Verify operation by checking: 

19 ToL-1 

When: • 

20 T-1 QoT-1 




10/sec 


Open 

1 

Open 

Closed 


200 OR 


Covered 


Command LOX Recirculation helitun on at G-2, and command LOX transfer to 
fast fillv 


When: 

L 21 T-1 QoT-2 10/sec C Covered 

Command LOX transfer to slow fill and command termination of helium 
recirculation. 

When: 

L 22 T-1 QoT-3 10/sec C Covered 



LAUNCH I'Continued') 

PHASE STEP ELEMENT 

MEASUREMENT 

SAMPLES 

USE 

D-67 

EXPECTED 

VALUE 


Command LOX to mode hold 

• 





Verify: 





L 

23 T-1 

ToT-1 

1 

S 

164+30R 

t 


ToL-1 

y 

y 

164+3°R 

L 

23 T-1 

PoL-1 

1 

s 

.. 


Command and verify: 





L 

24 V-1 

LOIV-1 

1 

s 

Closed 

L 

24 V-2 

LOIV-2 

1 

s 

Open 


Command LOX transfer to 

slow mode. 





Verify operation by checking: 




L 

25 L-18 

ToL-3 

1 

s 

<200°R 


When 





L 

26 T-2 

QoT-4 

10/ sec 

c 

Covered 


Command LOX recirculation helium on at G-2^ and command XOX transfer 
to fast fillo 

When ; 

L 27 T-2 QoT-5 lO/sec C Covered 

Command LOX transfer to slow fill and command termination of helium re- 
circulation. 

When ; 


L 

28 


T^2 

QoT-6 

10/ sec 

c 

Covered 


Command 

LOX 

to mode hold. 






Verify: 







L 

29 


T-2 

ToT-2 

1 

s 

164+30R 

y 

t 


L-18 

ToL-3 

y 

y 

164+3°R 

L 

29 


L-18 

PoL-3 

1 

s 



Command 

and 

verify: 





L 

30 


V-2 

LOIV-2 

1 

s 

Closed 

L 

30 


V-7 

LOFV-1 

1 

s 

Closed 
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LAUNCH (Continued) 

PHASE STEP ELEMENT MEASUEEMENT SAMPLES USE 



Command and verify; 




L 

31 

V-44 

LOFV-2 

1 

S 


When; 





L 

32 

T-8 

PoT-4 

1/sec 

S 

L 

32 

T-9 

PoT-5 

1/sec 

s 


Commence servicing T-8, 

9 with G02. 




Monitor; 





L 

33 

T-8 

PoT-6 

1/sec 

c 

I 

1 

T-8 

ToT-4 

I 

1 

7 

7 

T-9 

PoT-7 


7 

L 

33 

T-9 

ToT-5 

1/sec 

G 


Compute accumulator quantity, and send 

hold command 

to GSE at 


Command and 

verify: 




L 

34 

V-44 

LOFV-2 

1 

S 


Monitor : 





L 

35 

T-8 

PoT-6 

1 

M 

1 

1 

T-8 

ToT-4 

i 

i 

i 

7 

T-9 

PoT-7 

7 

7 

L 

35 

T-9 

ToT-5 

1 

M 


For decay. 






Command and 

verify; 




L 

36 

V-70 

LFFV-2 

1 

S 


When; 





L 

37 

T-10 

PfT-4 

l/sec 

S 

L 

37 

T-11 

PfT-5 

1/sec 

s 


Commence servicing T-10, 

11 with GH2. 




Monitor: 





L 

38 

T-10 

PfT-6 

1/ sec 

C 

1 

1 

T-10 

TfT-4 

1 

1 

7 

7 

T-11 

PfT-7 

7 

7 

L 

38 

T-11 

TfT-5 

l/sec 

c 


EXPECTED 

VALUE 


Open 


14.7 PSIA 
14.7 PSIA 

1500 PSIA 
1500 PSIA 

full load. 


Closed 

1500 PSIA 
1500 PSIA 


Open 


14.7 PSIA 
14.7 PSIA 


1500 PSIA 


1500 PSIA 
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LAUNCH (Continued) 


EXPECTED 


PHASE 

STEP 

ELEMENT 

MEASUREMENT 

SAMPLES 

USE 

VALUE 

Compute accumulator quantity^ and send hold command 

to GSE at 

full load. 

Command and 

verify; 





L 

39 

V-70 

LFFV-2 

1 

S 

Closed 

Monitor : 






L 

40 

T-10 

PfT~6 

1/sec 

M 

1500 PSIA 

I 

i 

T-10 

TfT-4 

1 

I 


y 

T 

T-11 

PfT-7 

7 

7 

1500 PSIA 

L 

40 

T-11 

TfT-5 

l/sec 

M 



For decay. 


Reverify : 


L 

41 

PoL- 8 

I 

1 

PoL-9 

? 

? 

PfL-9 

L 

41 

PfL-10 


Connect vents to TR-15 and TR-9. 
Connect vents to TR-2 and TR-3. 





19 PSIA 


19 PSIA 


Verify: 


L 

42 

F-6 

PoL-4 

1 

1 

F-7 

PoL- 5 


7 

Pi'S 

PfL-5 

L 

42 

F-9 

PfL-6 


? 

1 


1500 PSIA 


1500 PSIA 


Command and verify: 


43 


f 

43 


TR-2 

LBIV-2 

TR-2 

LMBV-2 

TR-2 

LIFV-2 

TR-2 

LIOV-2 

TR-3 

LBIV-3 

TR-3 

LMBV-3 

TR-3 

LIFV-3 

TR-3 

LIOV-3 

TR-9 

LB IV- 9 

TR-9 

LMBV-9 

TR-9 

LIFV-9 

TR-9 

LIOV-9 

TR-15 

LB IV- 15 

TR-15 

LMBV-15 

TR-15 

LIFV-15 

TR-15 

LIOV-15 


S Open 


? 

1 


S Open 





LAUNCH (Continued) 


EXPECTED 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE 


'f 


L 


L 


I 




I 


L 

7 

L 


44 

PoL-8 

1/ sec ,A.R 



PoL-9 

PfL-9 



44 

PfL-10 

1/sec AoR 

Command and verify: 




45 TR-2 

LBIV-2 


. 


TR-2 

LMBV-2 




TR-2 

LIFV-2 




TR-2 

LIOV-2 




TR-3 

LBIV-3 




TR-3 

LMBV-3 




TR-3 

LIFV-3 




TR-3 

LIOV-3 




TR-9 

LBIV-9 




TR-9 

LMBV-9 




TR-9 

LIFV-9 




TR-9 

LIOV-9 




TR-15 

LBIV-15 




TR-15 

LMBV-15 

j 



^ TR-15 

LIFV-15 

1 

r 

45 TR-15 

LIOV-15 

1 

Command and verify: 




46 V-36 

LOPV-3 

1 

L 

1 

V-38 

LOPV-5 

i 

1 

i 

V-40 

LFPV-3 

i 

\ 

46 V-42 

LFPV-5 

1 

Verify 

• 

• 




47 

PoL-6 

1 



PoL-7 

j 

i 



PfL-7 



47 

PfL-8 

1 

Command and verify: 




48 V-36 

LOPV-3 

] 

L 


V-38 

LOPV-5 

J 

1 


t V-40 

LFPV-3 

’1 

i 

48 V-42 

LFPV-5 


L 

Repeat 

steps L-43, 44, 

45. 



Command and verify; 




49 V-37 

LOPV-4 

1 


V-39 

LOPV-6 


1 


1 V-41 

LFPV-4 

1 

r 

49 V-43 

LFPV-6 

1 




S 


s 




I 




7 


Ambient 

Ambient 


Closed 


Closed 


Open 

I 

Open 

375-400 PSIA- 

i 

375-400 PSIA 


Closed 

I 

Closed 


Open 

I 

Open 
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launch (Continued) 

PHASE STEP ELEMENT 


MEASUREMENT 


SAMPLES 


USE 


Repeat step L-47. 
Command and verify: 
50 


50 

Monitor: 

51 


I i 


51 

For decay. 

Command and verify: 

52 V-36 
V-37 
V-38 
V-39 
V-40 
V-41 

t V-42 

52 V~43 

Command and verify: 

53 TR-1 
Through: 

53 TR-37 

Verifying: 

53 


V-37 

LOPV-4 

1 

V-39 

LOPV-6 

I 

V-41 

LFPV-4 

Y 

V-43 

LFPV-6 

1 


PoL-6 

PoL-7 

PfL-7 

5/sdc 

1 


PfL-8 

5/sec 


LOPV-3 

LOPV-4 

LOPV-5 

LOPV-6 

LFPV-3 

LFPV-4 

LFPV-5 

LFPV“6 


LBIV-1 


LBIV-1 


PoL-6 


is 


M 


M 


t 


I 

1 

PoL-7 

PfL-7 


1 

L 

53 

PfL-8 

1 samp/step 

S 


Between each valve opening, 

54. Commence monitoring the pressures o^ step L-53 at t 
Command and verify: 

55 V-44 LOFV-2 1 S 


EXPECTED 

VALUE 


Closed 

I 

Closed 


375-400 PSIA 

I 

375-400 PSIA 


Open 


t 

Open 


Open 


Open 


375-400 PSIA 

I 

375-400 PSIA 


samples /sec. 


Open 
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launch (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USB 


EXPECTED 

VALUE 


Top T-8, 9 with G02 from C-9, until 


L 

56 

T-8 


PoT-6 

1/sec 

C 

1500 PSL 

L 

56 

T~9 


PoT-7 

1/sec 

C 

1500 PSl 


Command GSE 

to Hold^ 

and 





L 

57 

V-44 


LOFV-2 

1 

S 

Closed 

L 

57 

V~70 


LFFV-2 

1 

S 

Open 


Top T-10, 11 

. with GH2 

; from 

C-10 until 




L 

58 

T-10 


PfT-6 

i/sec 

c 

1500 PSL 

L 

58 

T-11 


PfT-7 

1/sec 

c 

1500 PSL 


Command GSE 

to hold. 

and 





L 

59 

V-70 


LEFV-2 

1 

S 

Closed 


Disconnect the GSE vents from TR-2^ 3 , 9, 15, 
Command and verify: 


L 


L 


t 


L 


L 

L 


6.0 

V-8 

LEIV“1 

] 


< 

L 

> Closed 



V-9 

LFIV-2 




, Closed 



V-28 

LFTW-5 




Open 



V-29 

LFTW-6 








V-30 

LFTW-7 






1 


V-31 

LFTW-8 

\ 



' 1 

! 

60 

V-14 

LFFV-1 

1 

c 

u 

! Open 

Command fuel 

transfer 

to slow fill. 






Verify operation by checking: 






61 

L-20 

TfL-1 

1 


£ 

i 4.50°R 

i 

r 

L-21 

TfL-4 

i 

f 


1 i 

r 

61 


TfL-5 

1 


£ 

1 ■ <50°R 

When both: 








62 

T-5 

QfT-4 

lO/sec 

C 

I Covered 

62 

T-6 

QfT-7 

10/ sec 

C 

I Covered 


Cotmuand helium recirculation from C-8 on^ and 
LH2 transfer to fast fill. 


When: 


L 63 


Or 


T-5 


T-6 


QfT-5 


lO/sec C 


Covered 


C 


L 


63 


QfT-8 


10/sec 


Covered 



LAUNCH (Continued) 

PHASE STEP ELEMENT MEASUIUENBNT SAMPLES USE 


D-73 

EXPECTED 

VALUE 


Terminate helium recirculation, and command transfer to slow fill. 

When: 

L 64 T-5 QfT-6 10/sec C Covered 

Or: 

L 64 T-6 QfT-9 10/sec C Covered 

Command fuel transfer to mode hold when the other one covers, 
or TBD seconds after the first one covers. 


65. Monitor compartment analyzers for leakage. 
Monitor compartment fire detectors. 

Verify: 


L 

66 

T~5 

TfT-2 


. 

S 

36 

-40° 




T-6 

TfT-3 










L-20 

TfL-1 










L-21 

TfL-4 










L-8 

TfS-1 










L-9 

TfS-2 







V 

T 

L-8 

PfS-1 

1 

1 

1 




L 

66 

L-9 

PfS-2 

1 

S 




Command 

and verify; 








L 

67 

V-26 

LFIV-3 



c 

L 

t 

> 

Closed 




V-27 

LFIV-4 





Closed 




V-8 

LFIV-1 





Open 

? 

7 

V-9 

LFIV-2 

\ 






L 

67 

V- (10-13) 

lftw-xi-4) 

1 

5 


Open 


Command 

fuel transfer to 

slow fill. 








Verify operation by checking: 







L 

68 


TfL-2 

1 

c 


<50OR 

L 

68 


TfL-3 

1 

c 

w 


<50®R 


When: 










L , 

69 

T-3 

QfT-1 

1 


£ 


Covere< 


Command helium recirculation on from C-8 and command fuel transfer to fast 
fill. 


When: 


L 70 T-3 QfT-2 


1 ' S Covered 



f'lr' f ft-* lr< t-'t-' It* 


D-74 


launch (Continued) 

EXPECTED 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE 

Terminate helium recirculation^ and command fuel transfer to slow fill. 
When: 

L 71 T-3 QfT-3 1 S Covered 

Command fuel transfer to mode hold. 

Verify: 

72 T-3 TfT-1 1 S 36-40°R 

t TfL-2 t i f 

72 TfL-3 1 S 36-40 R 

Command and verify: 


73 V-14 

LFFV-1 

1 

S 

Closed 

Command and verify: 





74 V-1 

LOIV-1 

1 

s 

Open 

74 V-7 

LOFV-1 

1 

s 

Open 

Top T-1 until: 





75 T-1 

QoT-3 

10/sec 

c 

Covered 

Terminate topping. 





Command and verify: 





76 V-1 

LOIV-1 

1 

s 

Closed 

76 V-2 

LOIV-2 

1 

s 

Open 

Top T-2 until 





77 T-2' 

QoT-6 

10/sec 

c 

Covered 

Terminate topping. 





Command and verify: 





78 V-2 

LOIV-2 

1 

s 

Closed 

78 V-23 

LOIV-3 

1 

s 

Open 

Top T-4 until:! 





79 T-4 

QoT-9 

10/sec 

c 

Covered 



LAUNCH (Continued) 

HHASB STEP ELEMENT MEASUREMENT SAMPLES USE 


D-75 

EXPECTED 

VALUE 


Terminate topping. 



Command 

and verify: 



- 


L 

80 

V-23 

LOlV-3 

1 

S ' 

Closed 

1 

1 

V-7 

LOFV-1 

1 

1 

Closed 

V 

f 

V-1 

LOIV-1 

T 

? 

Open 

L 

80 

V-2 

LOIV-2 

1 

s 

Open 


Command 

and verify: 





L 

81 

V-14 

LFFV-1 

1 

s 

Open 


Top T-3 

until; 





L 

82 

T-3 

QfT-3 

10/sec 

c 

Covered 


Terminate topping. 






Command 

and verify: 





L 

82 

V-8 

LFIV-1 

1 

s 

Closed 

I 

1 

V-9 

LFIV-2 

i 

1 

Closed 

? 

f 

V-26 

LFIV-3 

f 

1 

Open 

L 

82 

V-27 

LFIV-4 

1 

s 

Open 


Top T“5j 

, 6 until: 





L 

83 

T-5 

QfT-6 

10/sec 

c 

Covered 

L 

83 

T-6 

QfT-9 

10/sec 

c 

Covered 


Terminate topping. 



Command 

and 

verify: 








L 

84 


V-26 

LFlV-3 


L 

S 


Closed 





V-27 

LFIV-4 





Closed 





V-8 

LFIV-1 





Open 

7 

1 



V-9 

LFIV-2 

V 



Open 

L 

84 


V-14 

LFFV-1 

1 

E 


Closed 


Command 

and 

verify: 








L 

85 


V-3 

LOW-1 

1 

£ 

1 

> 

Closed 





V-4 

LOW -2 











V-5 

LOW -3 











V-6 

LOW -4 











V-10 

LFTW-1 











V-11 

LFTW-2 











V-12 

LFTW-3 







V 


r 


V-13 

LFTW-4 

1 


1 


’ 


L 

85 


V-24 

LOTW-1 


L 

S 

Closed 


D-76 


LAUNCH (Continued) 


PHASE STEP 

ELEMENT 

MEASUPEMENT 

SAMPLES 

L 

85 

V-25 

LOTW-2 



1 

1 

V-28 

LFTW-5 



1 

1 

V-29 

LFTW-6 



T 

? 

V-30 

lETW-? 

} 


L 

85 

V-31 

LETW-8 

1 


Verify: 





L 

86 

T-8 

PoT-6 

1 

t 

i 

T-9 

PoT-7 

t 

L 

86 

T-4 

PoT-3 

1 


Command and 

verify: 




L 

87 

V-33 

LOPV-2 

1 


Verify; 





L 

88 

T-4 

PoT-3 

1 


Conjmand and verity: 




L 

89 

V-33 

LOPV-2 

1 


Command and verify: 




L 

90 

V-24 

LOTW-1 

1 

L 

90 

V-25 

LOTW-2 

1 


Verify : 


• 



L 

91 

T-4 

PoT-3 

] 



Gomnaiid and verify: 




L 

92 

V-24 

LOTW-1 

3 


L 

92 

V-25 

LOTW-2 

3 



Command and 

verify: 




L 

93 

V-32 

LOPV-1 

1 



Check: 





L 

94 

T-4 

PoT-3 

1 



Command and verify: 




L 

95 

V-32 

LOPV-1 

1 



USE 


I 


S 

t 


s 


s 


s 


s 


s 

s 


s 


s 

s 


s 


s 


s 


EXPECTED 

VALUE 


Closed 


1 

Closed 


1500 PSU 
1500 PSIA 
<30 PSIA 


Open 


35-40 PSIA 


Closed 


Open 

Open 


Ambient 


Closed 

Closed 


Open 


35-40 PSIA 


Closed 



LAUNCH (Continued) 


D-77 


EXPECTED 


PHASE STEP 

ELEMENT 

MEASUREMENT 

SAMPLES 

USE 

VALUE 


Monitor ; 






L 

96 

T-4 

PoT-3 

1/sec 

M 

35-40 PSIA 


For decay. 







Verify: 






L 

97 

T-10 

PfT-6 

1 

S 

1500 PSIA 

1 

1 

T-11 

P£T-7 

i 

i 

1500 PSIA 


i 

T-5 

PfT-2 


? 

<30 PSIA 

L 

97 

T-6 

PfT-3 

1 

S 

<30 PSIA 


Command and 

verify; 





L 

98 

V-34 

LFPV-1 

1 

s 

Open 


Verify; 






L 

99 

T-5 

PfT-2 

1 

s 

35-40 PSIA 

L 

99 

T-6 

PfT-3 

1 

s 

35-40 PSIA 


Command and 

verify 





L 

100 

V-34 

LFPV-1 

1 

s 

Closed 


Command and 

verify ; 





L 

101 

V-28 

LFTW-5 

1 . 

s 

Open 

i 

1 

V-29 

L'FTW-6 

i 

1 

1 

T 

? 

V-30 

LFTVV-7 

? 

f 

¥ 

L 

101 

V-31 

LFTW-8 

1 

s 

Open 


Verify; 






L 

102 

T-5 

PfT-2 

1 

s 

Ambient 

L 

102 

T-6 

PfT-3 

1 

s 

Ambient 


Command and verify; 


L 

103 

V-28 

LFlW-5 

1 

S 

Closed 

1 

1 

V-29 

LFIW-6 

i 

1 

1 

f 


V-30 

LFTW-7 

? 

? 

? 

L 

103 

V-31 

LFTW-8 

1 

S 

Closed 


Command and 

verify; 





L 

104 

V-35 

LFPV-2 

1 

s 

Open 


Verify: 

L 105 T-5 PfT-2 

L 105 T-6 PfT-3 


1 S 35-40 PSIA 

1 S 35-40 PSIA 


LATOCH (Continued) 


EXPECTED 


PHASE STEP 

element 

MEASUREMENT 

SAMPLES 

USE 

VALUE 


Command and verify: 





L 

106 

V-35 

LFPV-2 

1 

S 

Closed 


Monitor i 






L 

107 

T-5 

PfT-2 

1/sec 

M 

35-40 PSIA 

L 

107 

T-6 

PfT-3 

1/sed 

M 

35-40 PSIA 


For decay, 

. If none^ 






command and verify: 





L 

108 

V-32 

LOPV-1 

1 

S 

1 

Open 

1 

1 

V-33 

LOPV-2 

i 

1 

1 

T 

T 

V-34 

LFPV-1 

t 

t 

V 

L 

108 

V-35 

LFPV-2 

1 

s 

Open 


Command Pressurization of 

T-1 and T-2 with 

helium from C-6 



xmtil: 






L 

109 

T-1 

PoT-1 

10/sec 

c 

35-40 PSIA 

L 

109 

T-2 

PoT-2 

10/sec 

c 

35-40 PSIA 


Terminate pressurization from C-6. 





Contxnue 

} 

Monitoring: 


- 



L 

110 

T-1 

PoT-1 

10/sec 

M 

35-40 PSIA 

L 

110 

T-2 

PoT-2 

10/ sec 

M 

35-40 PSIA 


For decay 

Q 






Command pressurization T-: 

3 with helium from C-4, until 


L 

111 

T-3 

PfT-1 

10/sec 

C 

35-40 PSIA 


Terminate 

-pressurization from C-4. 





Continue monitoring: 





L 

112 

T-3 

PfT-1 

10/ sec 

M 

35-40 PSIA 


for decay 

• 



- 



113. 

Repeat steps L 

“55 through L-59. 

(Top gas 

accvimulators, T-8, 9,10 


u.) 

Load and pressurization complete. 



D-79 


LAUNCH (Continued) 

PHASE STEP ET.EMENT MEASUREMENT SAMPLES USE 


EXPECTED 
VALUE 


Commence monitoring: 


L 

i: 

.4 

T-8 

PoT-6 

1/sec S 


1500 PSIA 




T-8 

ToT-4 









T-9 

PoT-7 




1500 PSIA 




T-9 

ToT-5 









T-10 

PfT-6 




1500 PSIA 




T-10 

TfT-4 






? 

' 

r 

T-11 

PfT-7 

’ 

f ' 

f 

1500 PSIA 

L 

114 

T-11 

TfT-5 

1/sec S 




Compute and display accumulator quantity 

on request. 





Command and verify: 







L 

115 

GOV-1 

LGOV-II 


L i 

3 

Open 




GOV- 2 

LG0V-2I 









GOV-3 

LG0V-3I 









GFV-1 

LGFV-II 









GFV-2 

LGFV-2I 









GFV-3 

LGFV-3I 









V-52 

LLIV-1 









V-53 

LLIV-2 









V-54 

LLIV-3 









V-55 

LFIV-1 






y 


f 

V-56 

LFIV-2 






L 

115 

V-57 

LFIV-3 


1 

s 

Open 


Command the APU shaft clutches to engage 

on all three sections. 




Command and verify: 







L 

116 

G— 1 

VII-38 


1 

s 

28 

VDC 




G-2 

VlI-39 


t 




L 

116 

G-3 

VII-40 


1 

s 

28 

VDC 


Command and verify: 







L 

117 

G-1 

LIOV-38 


1 

S 

Open 


Initiate 

igniter sparky 

verify: 






L 

118 

G-1 

IIE-38 


1' 

'S 

Pulses 

L 

118 

G-1 

PC-38 


1 

S 




Command 

and verify: 







L 

119 

G-1 

LIFV-38 


1 

s 

Open 

L 

119 

G-1 

PC-38 


1 

s 





D-80 


LAUNCH (Continued) 

EXPECTED 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE 

Conmand and verify: 


L 

120 

GOV-l 

LGOV-1 

1 

S 

Open 

L 

120 

G-1 

PC-38 

1 

s 



Command and verify: 





L 

121 

GFV-1 

LGFV-1 

1 

s 

Open 

L 

121 

G-1 

PC-38 

1 

s 



Check: 







L 

122 

G-1 

TC-1 

1 

s 

' 




U-1 

NT-l 

2/sec 

C 





PT-1 

QPTL-1 

1 

s 


T 



PT-1 

QPTL-1 

t 

i 


L 

122 

PT-1 

TPTL-1 

1 

s 


L 

122 

PT-1 

NS-1 

1 

s 



When NT-1 

reaches steady-state. 

command igniter sparkoff. 

and verify 

L 

-123 

G-1 

IIE-38 

1 

s 

OADG 


Command and verify: 


’ 



L 

124 

G-2 

LIOV-39 

1 

s 

Open 


Initiate igniter spark. 

verify: 




L 

125 

G-2 

IIE-39 

1 

s 

Pulses 

L 

125 

G-2 

PC-39 

1 

s 



Command and 

verify: 





L 

126 

G-2 

LIFV-39 

1 

s 

Open 

L 

126 

G-2 

PC-39 

1 

s 



Command and 

verify: 





L 

127 

GOV-2 

LGOV-2 

1 

s 

Open 

L 

127 

G-2 

PC-39 

1 

s 



Command and 

verify: 





L 

128 

GFV-2 

LGFV-2 

1 

s 

Open 

L 

128 

G-2 

PC-39 

1 

s 



Check : 







L 

129 

G-2 

, TC-2 

1 

s 





U-2 

NT-2 

2/sec 

C 





PT-2 

NS-2 

1 

s 





PT-2 

QPTL-2 

1 

i 


r 

1 

r 

PT-2 

PPTL-2 

? 

7 


L 

129 

PT-2 

TPTL-2 

1 

s 




tH t-1 -•4 1-< f tr* It* tr* t-i f 


D-81 


LAUNCH (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


When NT~2 reaches steady-state, command igniter spark off. 


130 G-2 IIE-39 

Command and verify! 

131 G-3 LIOV-40 

Initiate igniter spark; verify; 


L 

L 


132 

132 


G-3 

G-3 


Command and verify; 


133 

133 


G-3 

G-3 


Command and verify; 


134 

134 


GOV-3 

G-3 


Command and verify; 


135 

135 

Check: 

136 


136 


GEV-3 

G-3 


G-3 

U-3 

PT-3 

PT-3 

PT-3 

PT-3 


IIE-40 

PC-40 


LIFV-40 

PC-40 


LGOV-3 

PC-40 


LGFV-3 

PC-40 


TC-3 

NT-3 

NS-3 

QPTL-3 

PPTL-3 

TPTL-3 


1 

1 


1 

1 


1 

1 


1 

1 


1 

2/ sec 
1 


S 

S 


S 

S 


S 

S 


S 

S 


S 

C 

S 


I I 


When NT-3 reaches steady-state, command igniter spark off. 


137 G-3 IIE-40 


1 S 


Commence monitoring; 


? 

138 

138 


G-1 

PC-38 

1/sec 

M 

G-1 

TC-1 

1/sec 


U-1 

NT-1 

2/sec 


PT-1 

QPTL-1 

1/2 sec 


PT-1 

PPTL-1 

1/2 sec 


PT-1 

TPTL-1 

i/2 sec 


PT-1 

NS-1 

1/2 sec 


G-2 

PC-39 

1/sec 


G-2 

TC-2 

1/sec 

? 

U-2 

NT- 2 

2/sec 

M 

PT-2 

TPTL-2 

1/2 sec 

M 


EXPECTED 
VALUE 

and verify: 

0A3C 

Open 

Pulses 

Open 

Open 

Open 


verify: 

OADC 



LAUNCH (Continued) 


PHASE 

STEP 

ELEMENT 

MEASUREMENT 

SAMPLES 

USE 

L 

138 

PT-2 

QPTL-2 

l/2sec 

M 





PT-2 

PPTL-2 

l/2sec 







PT-2 

NS-2 

l/2sec 





i 


G-3 

PC-40 

1/sec 







G-3 

TC-3 

1/sec 







U-3 

NT-3 

2/sec 







PT*-3 

QPTL-3 

l/2sec 




i 



PT-3 

PPTL-3 

l/2sec 



1 

f 

1 


PT-3 

TPTL-3 

l/2sec 

\ 


L 

1 

138 

PT-3 

NS -3 

l/2sec 

k 



139 Verify vehicle power. 

140 Execute power transfer. 

141 Disconnect all remaining GSE. 
Take final status. 


Verify: 


L 

142 

V-1 

LOIV-1 


S 




V-2 

LOIV-2 






V-3 

LOW-1 






V-4 

LOW-2 






V-5 

LOW-3 






V-6 

LOVV-4 






V-7 

LOFV-1 






V-8 

LFIV-1 






V-9 

LFIV-2 






V-10 

LFTW-1 





r 

V-11 

LFTW-2 






V-12 

LFTW-3 






V-13 

LFTW-4 






V-14 

LFFV-1 






V-19 

LOPCV-1 






V-20 

LOPCV-2 






V-21 

LFPCV-1 






V-2 2 

LFPCV-2 






V-23 

LOIV-3 






V-24 

LOTW-1 






V-25 

LOTW-2 






V-26 

LFIV-3 






V-27 

LFIV-4 






V-28 

LFTW-5 






V-29 

LFTW-6 






V-30 

LFTW-7 






V-31 

LFTVV-8 






V-3 2 

LOPV-1 






V-33 

LOPV-2 



V 


r 

V-34 

LFPV-1 


V 

L 

142 

V-35 

LFPV-2 

1 S 


EXPECTED 

VALUE 


Open 

Open 

Closed 


t 

Closed 

Open 

Open 

Closed 


Closed 

Closed 


Open 




D-83 


LAUNCH (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


L 

142 

C-l 

LOFC-1 

1 




C-2 

LHC-1, 2 





C-3 

LFTVC-1 





C-4 

LHC-3,4 





C-5 

LFFC-1 





C-6 

LHC-5,6 





C-8 

LHC-7,8 





C-11 

LFVC-1 





T-3 

PfT-1 





T-3 

QfT-2 





T-3 

QfT-3 





T-1 

PoT-1 





T-1 

ToT-1 





T-1 

QoT-1 





T-1 

QoT-2 





T-1 

QoT-3 





T-2 

PoT-2 


■ 



T-2 

ToT-2 





T-2 

QoT-4 





T-2 

QoT-5 





T-2 

QoT-6 





T-4 

PoT-3 





T-4 

ToT-3 

- 




T-4 

(iloT-7 





T-4 

QoT-a 





T-4 

QoT-9 





T-5 

PfT-2 





T-6 

TfT-2 





T-5 

QfT-4 





T-5 

QfT-5 





T-5 

QfT-6 

1 




T-6 

PfT-3 





T-6 

TfT-3 





T-6 

Q£T-7 





T-6 

Q£T-8 





T-6 

Q£T-9 






PoL-1 





L-17 

PoL-2 





L-18 

PoL-3 






ToL-1 . 





L-17 

ToL-2 





L-18 

ToL-3 






ToL-4 





L-20 

PfL-1 






P£L-2 






P£L-3 





L-21 

P£L-4 





L-20 

TfL-1 


U 

1 

r 


TfL-2 


L 

142 


TfL-3 

1 

L 

142 

T-3 

TfT-1 

1 

L 

142 

T-3 

Q£T-1 

1 


S Closed 


Closed 
35-40‘ PSIA 


35-40 PSIA 
164+3 OR 
Covered 

t 

Covered 
35-40 PSIA 
164+30R 
Covered 

I 

Covered 
35-40 PSIA 
164+30R 
Covered 

I 

Covered 

35- 40 PSIA 

36- 4QOR 
Covered 

i 

Covered 

35- 40 PSIA 

36- 40OR 
Covered 

I 


164+3 °R 

r 


t 

s 

s 

s 


36-40OR 

T 

36-40°R 

36-4QOR 

Covered 


launch (Continued) 


PHASE STEP 


ELEMENT 


MEASUREMENT 


L 


Ij 


and! 


and: 


142 

L-21 

TfL-4 




TfL-5 



L-3 

PoS-1 



L“4 

PoS-2 



L-3 

ToS-1 



L-4 

ToS-2 



L-8 

PfS-1 



L-9 

PfS-2 



L-8 

TfS-1 



L-9 

TfS-2 



C-5 

PfF-1 



G-1 

PoF-1 



L-14 

PgF-1 



0-5 

PgF-2 



L-16 

PgF-3 



L-13 

PgO-1 



0-3 

PgO-2 



L-15 

PgO-3 



L-7 

PgKL-1 



L-14 

TgF-1 

1 

r 

L-14 

TgF-2 



L-13 

TgO-1 

142 

L-13 

TgO-2 

143 

C-9 

LOFC-2 



C-10 

LFFC-2 - 

1 

r 

V-44 

LOFV-2 

143 

V-70 

LFFV-2 

144 

GOV-4 

LG0V-4I 



GOV-4 

LGOV-4 



GOV-5 

LG0V-5I 

i 


GOV-5 

LGOV-5 



GOV-6 

LG0V-6I 



GOV-6 

LGOV-6 



GFV-4 

LGFV-41 



GFV-4 

LGFV-4 



GFV-5 

LGFV-51 



GFV-5 

LGFV-5 



GFV-6 

LGFV-6I 



GFV-6 

LGFV-6 



V-58 

LFIV-4 



V-59 

LPSV-7 



V-60 

LFIV-5 

\ 

f 

V-61 

LPSV-8 

144 

V-62 

LFlV-6 


SAMPLES USE 


S 


t 

1 


? 

S 


I I 


1 


s 


1 


s 


EXPECTED 

VALUE 


36-40°R 

36-40°R 


164+30R 

164=t-3°R 


36-40°R 

36-40OR 


Closed 

Closed 


Closed 


? 

Closed 



D-85 


LAUNCH (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


t 

L 


144 


144 


V-63 

LPSV-9 

EEV-1 

LEFV-1 

EFV“2 

LEFV-2 

EFV-3 

LEFV«3 

EW-4 

LEFV*4 

EFV-5 

LEFV-5 

EFV-6 

LEFV“6 

EFV-7 

LEFV-7 

EFV-8 

LEFV-8 

EFV-9 

LEFV-9 

EFV-10 

LEFV-10 

EFV-li 

LEFV-11 

EFV**12 

LEFV-12 

PfL-11 

PfL-12 

PfL-13 


S Closed 


? 

1 


Closed 
20 PSIA 

20 tsiA 


145 Conmiand the main and turbofan engine controllers to take 
final status. 



D“86 


BOOST 


PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


Verify readiness: 


B 1 


t t 

B 1 


V-1 

LOIV-1 

V-2 

LOIV-2 

V-3 

LOW-1 

V-4 

LOW-2 

V-5 

LOW-3 

V-6 

LOW-4 

V-7 

LOFV-1 

V-8 

LEIV-1 

V-9 

LFIV-2 

V-10 

LETW-1 

V-11 

LFTW-2 

V-12 

LFTW-3 

V-13 

LFTW-4 

V-14 

LFFV-1 

V-19 

LOPCV-1 

V-20 

LOPCV-2 

V-21 

LFPCV-1 

V-22 

LFPCV-2 

V-23 

LOIV-3 

V-24 

LOTW-1 

V-25 

LOTW-2 

V-26 

LFIV-3 

V-27 

LFIV-4 

V-28 

LFTW-5 

V-29 

LFTW-6 

V-30 

LFTW-7 

V-31 

LFIW-8 

V-*32 

LOPV-1 

V-33 

LOPV-2 

V-34 

LFPV-1 

V-35 

LFPV-2 

C-1 

LOFC-1 

G-2 

LHC- 1^2 

C-3 

LFTVC-1 

C-4 

LHC-3,4 

C-5 

LFFG-1 

C-6 

LHC-5,6 

C-8 

LHC-7,8 

C-11 

LFVC-1 

T-3 - 

PfE-1 

T-3 

TfT-1 

T-3 

QfT-1 

T-3 

QfT-2 

T-3 

QfT-3 

T-1 

PoT-1 

T-1 

ToT-1 

T-1 

QoT-1 ■ 

T-1 

QoT-2 

T-1 

QoT-3 


1 


S 


Open 

Open 

Closed 


Closed 

Open 

Open 

Closed 


Y 

Closed 

Open 


I 


Open 

Closed 


Y 

closed 

35- 40 PSIA 

36- 40OR 
Covered 

Covered 
35-40 PSIA 
164+30R 
Covered 


Covered 



D-87 


BOOST (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


T-2 

PoT-2 

T-2 

ToT-2 

T-2 

QoT-4 

T-2 

QoT-5 

T-2 

QoT-6 

T-4 

PoT-3 

T-4 

ToT-3 

T-4 

QoT-7 

T-4 

QoT-8 

T-4 

QoT-9 

T-5 

PfT-2 

T-5 

TfT-2 

T-5 

QfT-4 

T-5 

QfT-5 

T-5 

QfT-6 

T-6 

PfT-3 

T-6 

TfT-3 

T-6 

QfT-7 

T-6 

QfT-8 

T-6 

QfT-9 

PoL-1 

L-17 

PoL-2 

L-18 

PoL-3 

ToL-1 

L-17 

ToL-2 

L-18 

ToL-3 

ToL-4 

L-20 

P£L-1 

PfL-2 

PfL-3 

L-21 

PfL-4 

L-20 

TfL-1 

L-21 

TfL-4 

TfL-5 

L-3 

PoS-1 

L-4 

PoS-2 

L-3 

ToS-1 

L-4 

ToS-2 

L-8 

PfS-1 

L-9 

P£S-2 

L-8 

TfS-1 

L-9 

T£S-2 

G-5 

P£P-1 

C-1 

PoF-1 

L-14 

PgF-1 

0-5 

PgP-2 

L-16 

PgF-3 

L-13 

PgO-1 

0-3 

PgO-2 

L-15 

PgO-3 


35-40 PSIA 

164+3°R 

Covered 

Covered 
35-40 PSIA 
164+30R 
Covered 

i 

Covered 

35- 40 PSIA 

36- 40OR 
Covered 


Covered 

35- 40 PSIA 

36- 40°R 
Covered 


Covered 


164±3°R 

164+3®R 


36-40®R 


36-40°R 


164+3°R 

164+3°R 


36-40°R 

36-40OR 


D-88 


BOOST (Continued) 

PHASE STEP ELEMENT 


EXPECTED 

MEASUREMENT SAMPLES USE VALUE 


I 

B 

B 

I 


B 


B 



1 


L“7 

PgRX-1 




L-14 

TgF-1 




L-14 

TgF-2 



L-13 

TgO-1 

1 


L-13 

TgO-2 

Continue 

to 

monitor: 


2 



PoL-6 





PoL-7 

T 



PfL-7 

2 



PfI-8 

Continue 

to 

monitor : 


3 


T-8 

PoT-6 




T-8 

ToT-4 




T-9 

PoT-7 




T-9 

ToT-5 




T-10 

PfT-6 




T-10 

TfT-4 

'1 



T-11 

PfT-7 

3 


T-11 

TfT-5 

Continue 

to 

monitor : 


4 


G“1 

PC-38 




G-1 

TC-1 




U-1 

NT-1 




PT-1 

QPTL-1 




PT-1 

PPTL-1 




PT-1 

TPTL-1 




PT-1 

NS-1 




G-2 

PC-39 




G-2 

TC-2 




D-2 

NT-2 




PT-2 

QPTL-2 




PT-2 

PPTL-2 




PT-2 

TPTL-2 




PT-2 

NS-2 




G-3 

PC-40 




G-3 

TG-3 




U-3 

NT-3 




PT-3 

QPTL-3 




PT-3 

PPTL-3 

1 

r 


PT-3 

TPTL-3 

4 


PT-3 

NS-3 


i 


5/sec 

1 

M 

I 

375-400 PSIA 
1 

J 

5/sec 

T 

M 

Y 

375-400 PSIA 


1/sec 


l/sec 


S 1500 PSIA 

1500 PSIA 

1500 PSIA 

1500 PSIA 
S 


l/sec M 

l/sec 

2/sec 

1/2 sec 

1/2 sec 

1/2 sec 

1/2 sec 

l/sec 

l/sec 

2/sec 

1/2 sec 

1/2 sec 

1/2 sec 

1/2 sec 

l/sec 

l/sec 

2/sec 

1/2 sec 

1/2 sec 

1/2 sec V 

1/2 sec M 


5. At T+153 seconds, command extension of main engine nozzles. 



D-89 


SEPARATION (T+173 sec) 


1. The CCC coHunands main engine start. 

At FS + 0.9 seconds, the main engine igniters are turned off. 
At Pc = 90%, the main engine gimbal actuators are unlocked. 


At TBD , command and verify. 


PHASE 


EXPECTED 




T-8 

T-8 

T-9 

T-9 

T-10 

T-10 

T-11 

T-11 


PoT-6 

ToT-4 

PoT-7 

ToT-5 

PfT-6 

TfT-4 

PfT-7 

TfT-5 



1500 PSIA 
1500 PSIA 
1500 PSIA 
1500 PSIA 



SEPARATION (Continued) 

phase STEP ELEMENT MEASUREMENT SAMPLES USE 


Continue to monitor i 


s 


) 

G-1 

PC-38 

1/sec 

M 




G“1 

TC-1 

1/sec 





U~1 

NT-1 

2/ sec 





PT-1 

QPTL-1 

1/2 sec 





PT-1 

PPTL-1 

1/2 sec 





PT“1 

TPTL-1 

1/2 sec 





PT~1 

NS-1 

1/2 sec 





G-2 

PG-39 

1/sec 





G-2 

TG-2 

1/sec 





U-2 

NT- 2 

2/sec 





PT-2 

QPTL-2 

1/2 sec 





PT-2 

PPTL-2 

1/2 sec 





PT~2 

TPTL-2 

1/2 sec 





PT-2 

NS-2 

1/2 sec 





G-3 

PC-40 

1/sec 





G-3 

TC-3 

1/sec 





U-3 

NT-3 

2/sec 





PT-3 

QPTL-3 

1/2 sec 





PT-3 

PPTL-3 

1/2 sec 


1 



PT-3 

TPTL-3 

1/2 sec 


s 

6 

PT-3 

NS-3 

1/2 sec 

M 


EXPECTED 

VALUE 



p> (> >> -«23- J> [>[>[> 


D-91 


ASCENT 

EMSE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


When: 



L 

T-l 

QoT-2 

10/sec 

S 

UNC 


L 

T-2 

QoT-5 

10/sec 

( 

& 

t 

> 

UNC 


L 

T-3 

QfT-2 

10/sec 

S 

UNC 

The central computer makes 

an update 

of the engine 

cutoff 

prediction. 

In addition to the main engine data^ 

continue to monitor: 

* 



1 

T-3 

PfT-1 

10/sec 

M 

35-40 PSIA 



T-3 

TfT-1 

1/sec 

M 

36-40OR 



T-3 

QfT-2 

lO/sec 

S 

C/U 



T-3 

QfT-1 

10/sec 

G 

C/U 



T-l 

PoT-1 

10/sec 

M 

35-40 PSIA 



T-l 

ToT-1 

1/sec 

M 

164+30R 



T-l 

QoT-2 

lO/sec 

S 

C/U 



T-l 

QoT-1 

10/sec 

C 

C/U 



T-2 

PoT-2 

10/sec 

M 

35-40 PSIA 



T-2 

ToT-2 

1/sec 

M 

164+30R 



T-2 

QoT-5 

lO/sec 

S 

c/u“ 



T-2 

QoT-4 

10 /sec 

C 

C/U 



L-8 

PfS-1 

20/sec 

M 




L-9 

PfS-2 

20/sec 






L-8 

TfS-1 

l/sec 



36-40 OR 



L-9 

TfS-2 

1/sec 



36-4QOR 



L-3 

PoS-1 

20/sec 






L-4 

PoS-2 

20/sec 






L-3 

ToS-1 

l/sec 

1 

r 

164+30R 

2 

L-4 

ToS-2 

l/sec 

M 

I 64 + 3 OR 

3. 

When the 4g limit 

is reached 

f command the 

main engines to WPL. 

4. 

At T + 200 seconds^ command 

the RCS thermal protective doors 



open. 






Command 

and verify: 






5 

TR-(l-37) 

VII-(l-37) 

1 

S 

28 VDC 

5 

TR-Cl-37) 

HE- (1-37) 

1 

S 

0 ADC 

Continue 

to monitor: 






6 


PoL-6 

5/sec 

M 

375-400 PSIA 


r 


PoL-7 

P£L-7 

( 




6 


P£L-8 

5/sec 

M 

375-400 PSIA 




'<1 <1 <; — ►<! 


D-92 


Ascent (continued) 

PHASE STEP ELEME3CT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


Continue to monitor: 


T-8 

PoT-6 

1/sec 

S 

1500 

PSIA 

T-8 

ToT-4 







T-9 

PoT-7 





1500 

PSIA 

T-9 

ToT-5 







T-10 

PfT-6 





1500 

PSIA 

T-10 

TfT-4 







T-11 

PfT-7 

1 


? 

1500 

PSIA 

T-11 

TfT-5 

1/sec 

S 




Continue 

to monitor: 




8 

6-1 

PG-38 

l/sec 

M 



G-1 

TC-1 

1/sec 




U-1 

NT-1 

2/sec 




PT-1 

QPTL-1 

1/2 sec 




PT-1 

PPTL-1 

1/2 sec 




PT-1 

TPTL-1 

1/2 sec 




PT-1 

NS-1 

1/2 sec 




G-2 

PC-39 

l/sec 




G-2 

TC-2 

l/sec 




U-2 

NT- 2 

2/ sec 




PT-2 

QPTL-2 

1/2 sec 




PT-2 

PPTL-2 

1/2 sec 




PT-2 

TPTL-2 

1/2 sec 




PT-2 

NS- 2 

1/2 sec 




G-3 

PC-40 

l/sec 




G-3 

TC-3 

l/sec 




U-3 

NT-3 

2/sec 




PT-3 

QPTL-3 

1/2 sec 




PT-3 

PPTL-3 

1/2 sec 

u 



PT-3 

TPTL-3 

1/2 sec 

M 

8 

PT-3 

NS-3 

1/2 sec 


When: 






c 

> 


T-1 

QoT-1 

10/sec 

S 

c 

> 


T-2 

QoT-4 

10/sec 

S 


UNC 

UNC 


A shutdown command is sent to the main engine controllers, 
(nominally T + 357 sec.) 


Conduct Post-Shutdown monitoring checks on the main engines and verify; 


; 0 

V-l 

LOIV-1 


V-2 

LOIV-2 


V-3 

LOW-1 


V-4 

LOW- 2 


V-5 

LOW-3 

r 

V-6 

LOW-4 

10 

V-7 

LOFV-1 


S 


Open 

Open 

Closed 


t 

1 


t -t 

S Closed 



D-93 


ASCENT (Continued) 

PMSE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 



V-8 

V-9 

V-10 

V-ll 

V-12 

V-13 

V-14 

V-19 

V-20 

V-21 

V-22 

V-23 

V-24 

V-25 

V-26 

V-27 

V-28 

V-29 

V-30 

V-31 

V-32 

V“33 

V-34 

V-35 

G-1 

C-2 

G-3 

C-4 

C-5 

G-6 

C-8 

G-11 


LFIV-I 

LFIV-2 

LFTW-1 

LFTW“2 

LFTW-3 

LFTW-4 

LFFV-1 

LOPCV-1 

L0PCV~2 

LFPGV-1 

LFPGV-2 

LOIV-3 

LOTW-1 

LOTVV-2 

LFIV-3 

LFIV-4 

LFTW-5 

LFTW-6 

LFTW-7 

LFTW-8 

LOPV-1 

LOPV-2 

LFPV-1 

LFPV-2 

LOFC-1 

LHC-1, 2 

LFTVC-1 

LHC-3, 4 

LFFC-l 

LHC-5, 6 

LHC- 7, 8 

LFVC-1 


D-94 


ON-OEBIT 


EXPECTED 


PHASE 

STEP 

ELEMENT 

MEASUREMENT 

SAMPLES 

USE 

VALUE 

0-0 

1 

V-1 

LOIV-1 

1 

S 

Closed 

1 

1 

V-2 

LOIV-2 

1 

1 

I 


T 

V-8 

LFIV-1 

t 

T 

T 

0-0 

1 

V-9 

LFIV-2 

1 

s 

Closed 


2. Retract the main engine nozzles, 

3. Command the main engines secure. 


Commence monitoring? 


0~0 


1 

0-0 


4 


V-1 

LOIV-1 

V-2 

LOIV-2 

V-3 

LOW-1 

V-4 

LOW-2 

V-5 

LOW-3 

V-6 

LOW-4 

V-7 

LOFV-1 

V-8 

' LFIV-1 

V-9 

LFIV-2 

V-10 

LFTVV-1 

V-11 

LFTW-2 

V-12 

LFTW-3 

V-13 

LFTW-4 

V-14 

LFFV-1 

V-19 

LOPCV-1 

V-20 

LOPCV-2 

V-21 

LFPCV-1 

V-22 

LFPCV-2 

V-23 

LOIV-3 

V-24 

LOTW-1 

V-25 

LOTW-2 

V-26 

LFIV-3 

V-27 

LFIV-4 

V-28 

LFXW-5 

V-29 

LFTW-6 

V-30 

LFTW-7 

V-31 

LFTW-8 

V-32 

LOPV-1 

V-33 

LOPV-2 

V-34 

LFPV-1 

V-35 

LFPV-2 

C-1 

LOFC-1 

C-2 

LHC-l, 

G-3 

LFTVC-1 

C-4 

LHC-3, ■ 

C-5 

LFFC-1 

C-6 

LHC-5, 

C-8 

LHG-7, 

C-11 

LFVG-1 


1/hr S 


t V 

1/hr , S 


Closed 




Closed 

Open 


Open 

Closed 


Closed 



D-95 


ON~ORBIT (Continued) 


EXPECTED 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE 


0- 

*0 

. i 

i- 

T-i 

PoT-1 

1/hr 

S 

19 PSIA 





T-2 

PoT-2 





19 PSIA 





T-3 

PfT-1 





19 PSIA 





L“8 

PfS-1 





< X 





L-9 

PfS-2 











L-3 

PoS-1 











L-4 

PoS-2 








r 


r 

C-5 

PfF-1 

\ 

f 

? 

1 

f 

0- 

-0 

4 

C-1 

PoF-1 

1/hr 

s 

<X 



Commence monitoring r 








0- 

•0 

5 

T-4 

PoT-3 

1/ 

sec 

s 

35-40 PSIA 





T-4 

ToT-3 

1/sec A.R. 



164+3^ 





T**4 

QoT-7 * 

10/si 

ec A.R. 



C/U 






T-4 

QoT-8 * 

lO/sec A.R. 



C/U 






T-4 

QoT-9 * 

10/sec A.R, 



C/U 






T-5 

PfT-2 

1/sec 



35-40 PSIA 





T-5 

TfT-2 

1/sec A.R. 



36-40' 

°R 





T-5 

QfT-4 * 

10/s< 

ec A.R, 



C/U 






T-5 

QfT-5 * 

10/sec A.R. 



C/U 






T-5 

QfT-6 * 

10/si 

ec A.R. 



C/U 






T-6 

PfT-3 

1/sec 



35-40 PSIA 





T-6 

TfT-3 

1/sec A.R, 



36-40°R 





T-6 

QfT-7 * 

10/sec A.R. 



C/U 



r 


r 

T-6 

Q£T-8 * 

10/sec A.R. 

1 


C/U 


0- 

-0 

5 

T-6 

QfT-9 * 

10/si 

ec A.R. 

s 

C/U 




* While 

accelerating in 

the proper 

attitude. 








When required to perform 

an RCS burn 

f verify: 






0- 

-0 

6 

TE.-X 

LBIV-X 


1 

s 

Open 




Initiate 

igniter spark, verify: 







0- 

-0 

7 

TR-X 

VII-X 


1 

s 

28 VDC 

0- 

<0 

7 

TR-X 

IIE-X 


1 

s 

Pulses 



Command 

and verify: 


0-0 

8 

TR-X 

LIOV-X 

0-0 

8 

TR-X 

PC-X 



Command 

and verify: 


0-0 

9 

TR-X 

LIFV-X 

0-0 

9 

TR-X 

PC-X 


1 S Open 

1 S 


ON-ORBIT (Continued) 


EXPECTED 


PHASE STEP 

ELEMENT 

MEASUREMENT 

SAMPLES 

USE 

VALUE 



For small bit impulses. 

this would be ■ 

the end 

of the 

thruster 

start 



sequence. 

For larger burns, command 

and verify: 



0-0 

10 

TR-X 

LMBV-X 


L 

S 

Open 

0- 

-0 

10 

TR^X 

PC-X 

A.R. 

S 




At steady-state terminate igniter spark, verify: 



0- 

-0 

11 

TR-X 

IIE-X 


L 

S 

0 ADC 



During burn, 

, monitor: 






0-0 

12 

TR-X 

PC-X 

10/sec 

S 

300 PSIA 



To shutdown, 

, command and verify; 





0- 


13 

TR-X 

LMBV-X 


L 

S 

Closed 




1 

TR-X 

LIOV-X 



i 

Closed 



1 


TR-X 

LIFV-X 

1 

r 

? 

Closed 

0-0 

13 

TR-X 

PC-X 


1 

S 

Ambient 



Continue to 

monitor : 






0-0 

14 


PoL-6 

5/sec 


375-400 PSIA 






PoL-7 



I 

i 

1 

r 




PfL-7 > 

} 

f 

? 

V 

0-0 

14 


PfL-8 

5/sec 

S 

375-400 PSIA 



Continue to 

monitor: 






0- 

•0 

15 

T-8 

PoT-6 

1/sec 

c 

1500 PSIA 





T-8 

ToT-4 



s 






T-9 

PoT-7 



c 

1500 PSIA 





T-9 

ToT-5 



s 






T-10 

PfT-6 



c 

1500 PSIA 





T-10 

TfT-4 



s 



f 


r 

T-11 

PfT-7 



c 

1500 PSIA 

0-0 

15 

T-11 

TfT-5 

1/sec 

s 




When: 








0-0 

16 

T-8 

PoT-6 

1/sec 

c 

1500-X PSIA 



Or: 








0- 

0 

17 

T-9 

PoT-7 

1/sec 

c 

1500-X PSIA 



Verify: 








0- 

0 

18 

V-52 

LLIV-1 

1 


s 

Open 

0- 

0 

18 

V-53 

LLIV-2 

1 


s 

Open 

0- 

0 

18 

V-54 

LLIV-3 

1 


s 

Open 



ON-OSBIT (Continued) 


EXPECTE® 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE 


Command and verify: 


0- 

•0 

19 

V-52 

LPSV-1 

1 

S 

Open 

0“0 

19 

V-53 

LPSV-2 

1 

S 

Open 

0- 

•0 

19 

V-54 

LPSV-3 

1 

s 

Open 



Engage 

the 

clutches to 

P-1, 2, 3. 







During G02 

resupply, monitor the following additional parameters: 

0' 

■0 

20 

P-1 

PPD-1 

2/sec 

< 

X 

•9 

3 

1500 PSIA 





H-4 

THE-1 

1/2 sec 








H-4 

PHEO-1 

1/2 sec 



1500 PSIA 





P-2 

PPD-2 

2/sec 



1500 PSIA 





H-5 

THE-2 

1/2 sec 








H-5 

PBEO-2 

1/2 sec 



1500 PSIA 





P-3 

PPD-3 

2/sec 



1500 PSIA 


r 

V 

H-6 

THE-3 

1/2 sec 

] 

r 


0- 

•0 

20 ■ 

H-6 

PHEO-3 

1/2 sec 

S 

1500 PSIA 



When: 








0-0 

21 

T-8 

PoT-6 

1/sec 

c 

1500 PSIA 

0- 

•0 

21 

T-9 

PoT-7 

1/sec 

c 

1500 PSIA 



Disengage 1 

the clutches 

to P-1, 2, 3. 







Discontinue resupply monitors. 







Command 

and verify: 






0- 

•0 

22 

V-52 

LPSV-1 

1 

S 

Closed 

0- 

•0 

22 

V-53 

LPSV-2 

1 

s 

Closed 

0- 

■0 

22 

V-54 

LPSV-3 

1 

s 

Closed 



When: 








0- 

0 

23 

T-10 

PfT-6 

1/sec 

c 

1500-X PSIA 



Or: 








0- 

0 

24 

T-11 

PfT-7 

1/sec 

c 

1500-X PSIA 



Verify: 








0- 

0 

25 

V-55 

LFIV-1 

/ 

1 

£ 


Open 

0- 

0 

25 

V-56 

LFIV-2 

1 

£ 


Open 

0- 

0 

25 

V-57 

LFIV-3 

1 

C 


Open 
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ON-ORBIT (Continued) 


EXPECTED 


pha.se 

STEP 

ELEMENT 

MEASUREMENT 

SAMPLES 

USE 

VALUE 

Command and 

verify: 





0-0 

26 

V-55 

LPSV-4 

1 

S 

Open 

0-0 

26 

V-56 

LPSV-5 

1 

S 

Open 

0-0 

26 

V-57 

LPSV-6 

1 

S 

Open 


Engage the clutches to P-4, 5, 6. 

During GH2 resupply, monitor the following additional parameters: 


0- 

•0 

27 

P-4 

PPD-4 

2/sec 

c 

) 

1500 

PSIA 





H-7 

THE-4 

1/2 sec 









H-7 

PHEO-4 

1/2 sec 



1500 

PSIA 





P-5 

PPD-5 

2/sec 



1500 

PSIA 





H-8 

THE-5 

1/2 sec 









H-8 

PHEO-5 

1/2 sec 



1500 

PSU 





P-6 

PPD-6 

2/sec 



1500 

PSIA 

1 



r 

H-9 

THE-6 

1/2 sec 


r 



0-0 

27 

H-9 

PHEO-6 

1/2 sec 

s 

1500 

PSIA 



When: 









0-0 

28 

T-10 

PfT-6 

1/sec 

c 

1500 

PSIA 

0-0 

28 

T-11 

PfT-7 

1/sec 

c 

1500 

PSIA 


Disengage clutches to P-4, 5, 6. 


Discontinue resupply monitors. 


Command and verify: 


0-0 

29 

V-55 

LPSV-4 

1 

S 

Closed 

0-0 

29 

V-56 

LPSV-5 

1 

s 

Closed 

0-0 

29 

V-57 

LPSV-6 

1 

s 

Closed 


Continue to monitor: 


0-0 


V 

0-0 


30 


? 

30 


G-1 

PC-38 

1/sec 

G-1 

TC-1 

1/ sec 

U-1 

NT-1 

2/sec 

PT-1 

QPTL-1 

1/2 sec 

PT-1 

PPTL-1 

1/2 sec 

PT-1 

TPTL-1 ' 

1/2 sec 

PT-1 

NS-1 

1/2 sec 

G-2 

PC-39 

1/sec 

G-2 

TC-2 

1/ sec 

U-2 

NT- 2 

2/ sec 

PT-2 

QPTL-2 

1/2 sec 

PT-2 

PPTL-2 

1/2 sec 

PT-2 

TPTL-2 

1/2 sec 

PT-2 

NS-2 

1/2 sec 

G-3 

PC-40 

1/sec 


y 

M 
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ON-ORBIT (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


0‘ 

•0 

3 

0 

G-3 

TC-3 

1/sec 

M 





U-3 

NT-3 

2/ sec 

j 





PT-3 

QPTL-3 

1/2 sec 

I 





PT-3 

ppn,-3 

1/2 sec 

I 


r 

\ 


PT-3 

TPTL-3 

1/2 sec 

T 

0- 

■0 

30 

PT-3 

NS-3 

1/2 sec 

M 



When required 

to perform 

an OMS burn. 

verify; 


0- 

■0 

31 

TR-1 

LBIV-1 

1 

S 



I 


TR-2 

LBIV-2 

1 

1 





TR-3 

LBIV-3 

▼ 

t 

0-0 

31 

TR-4 

LBIV-4 

1 

s 


Initiate igniter spark, verify: 


O' 

-0 

32 

TR-1 

IIE-1 


1 

s 





TR-2 

IIE-2 


1 

1 



' 


TR-3 

IIE-3 



f 

0' 

<0 

32 

TR-4 

IIE-4 


1 

S 



Command 

and 

verify: 





O' 

-0 

33 

TR-1 

LIOV-1 


. 

s 





TR-1 

PC-1 








TR-2 

LIOV-2 








TR-2 

PG-2 








TR-3 

LIOV-3 








TR-3 

PC-3 








TR-4 

LIOV-4 




0-0 

33 

TR-4 

PC-4 


L 

s 



Command 

and 

verify: 





0- 

'0 

3 

4 

TR-1 

LIFV-1 



s 





TR-1 

PC-1 








TR-2 

LIEV-2 








TR-2 

PC-2 








TR-3 

LIFV-3 








TR-3 

PC-3 






1 


TR-4 

LIFV-4 

\ 

r 

? 

0-0 

34 

TR-4 

PC-4 


L 

s 



Open 


Pulses 

I 

Pulses 

Open 

Open 

Open 

Open 


Open 

Open 

Open 

Open 


Command and verify: 

0-0 35 TR-1 

TR-1 
TR-2 
TR-2 
TR-3 
TR-3 
f TR-4 

35 TR-4 


LMBV-1 

1 

< 

1. 

t 

> 

Open 

PC-1 

A.R. 




UyffiV-2 

1 



Open 

PC-2 

a.r. 




LMBV-3 

1 



Open 

PC-3 

A.r. 



LMBV-4 

1 



Open 

PG-4 

A.R. 

S 



0-0 


ON-OKBIT (Continued) 


EXPECTED 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE 


At steady-state Pc^ terminate spark, verify s 


0- 

*0 

36 

TR-1 

IIE-1 

1 

L 

C 

*1 

3 

1 

OADC 


I 


i 

TR-2 

IIE-2 


[ 


[ 

1 


if 



TR-3 

IIE-3 

1 

f 


f 

+ 

0- 

-0 

36 

TR-4 

IIE-4 


L 

s 

OADC 



During burn. 

monitor 

• 

• 






0- 

-0 

37 

TR-1 

PC-1 

10/sec 

< 

k 

5 

300 PSIA 


1 


1 

TR-.2 

PC-2 




1 

I 

1 



r 

TR-3 

PC-3 

1 



r 

t 

0* 

-0 

37 

TR-4 

PC-4 

10/sec 

< 

1 

3 

300 PSIA 



To shutdown. 

command 

and verify: 






0- 

-0 

38 

TR-1 

LMBV-1 


L 

< 

t, 

1 

3 

Closed 





TR-2 

LMBV-2 


f 



i 


1 

1 


TR-3 

LMBV-3 


r 

} 


T 

0-0 

38 

TR-4 

LMBV-4 


L 

( 

k, 

1 

3 

Closed 



Command 

and verify: 







0- 

-0 

39 

TR-1 

LIOV-1 


L 

< 

1. 

•» 

3 

Closed 


1 



TR-2 

LIOV-2 



J 

[ 

1 


r 

1 


TR-3 

LIOV-3 


f 

i 

f 

? 

0- 

-0 

39 

TR-4 

LIOV-4 


L 

s 

Closed 



Command 

and verify: 







0- 

-0 

40 

TR-1 

LIFV-1 

J 


c 

k. 

t 

3 

Closed 





TR-2 

LIFV-2 





1 





TR-3 

LIFV-3 





T 





TR-4 

LIFV-4 





> Closed 





TR-1 

PC-1 





Ambient 





TR-2 

PC-2 





I 


r 

\ 


TR-3 

PC-3 

} 


\ 

f 

f 

0-0 

40 

TR-4 

PC-4 




s 

Ambient 



Commence monitoring: 







0-0 

41 

LA-1 

PZGL-1 

1/hr 

C 

t. 

1 

> 






LA-2 

PZGL-2 










LA-3 

PZGL-3 










PT-4 

QTPL-1 










PT-5 

QTPL-2 










PT-6 

QTPL-3 










PT-4 

PTPL-1 







F 


f 

PT-5 

PTPL-2 



■ 

r 


0-0 

41 

PT-6 

PTPL-3 

1/hr 

< 

u 

> 
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DOCKING 

1. Continue monitoring the Main Propulsion System as in steps On-Orbit 4^ 5, 

2. To execute and RCS or 01^ burn 

repeat steps On-Orbit (6-13) or (31-40) respectively. 

3. Continue to monitor APS gas pressures and temperatures as in 

steps On-Orbit - 14^ 15, 

4. To execute resupply of the APS accumulators^ perform steps 

On-Orbit - (16-29). 

5. Continue to monitor Propellant Conditioning System operation as in step 

On-Orbit - 30. 

6. Continue to monitor A/B lube pressurization systems as in step 

On-Orbit - 4l» 


SOCKED 

1. Continue monitoring the Main Propulsion System as in Docking step 1. 


PHASE 

STEP 

ELEMENT 

MEASUREMENT 

SAMPLES 

USE 

EXPECTED 

VALUE 


Command and verify; 





DD 


2 

TR-(l-37) 

VII-(l-37) 

1 

S 

OVDC 


Command and verify; 





DD 


3 

TR-(l-37) 

LBIV-(l-37) 

1 

S 

Closed 


Coimtiand the 

RCS doors closed. 





4. Continue to monitor as APS gas pressures and temperatures as in steps On- 

Orbit - 14, 15. 

5. Continue to monitor A/B lube systems as in step On-Orbit -41, 

6. Continue operation of the Propellant Conditioning Subsystem until 

command is received for APU shutdown. Continue monitoring as in Docking 
step 30 until shutdown. Upon command to shutdown, perform steps 
P-F-(5-22). 

7. The Propellant Conditioning Subsystem will be operated 10 minutes per 

day while on orbit for hydraulic system conditioning. To perform this 
operation, or to restart the subsystem prior to undocking, perform 
steps L-115 through L-138. 
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DOCKED 

So Before tindocking^ open the RCS doors, and command and verify; 


PHASE 

STEP 

ELEMENT 

MEASUREMENT 

SAMPLES 

USE 

EXPECTED 

VALUE 

DD 

9 

TR-a-37) 

VII- (1-37) 

1 

S 

28 VDC 

1 

and. 






DD 

10 

TR-*(1~37) 

LBIV-Cl-37) 

1 

S 

Open 



DESCENT - Same as Docking 
REENTRY 


D-103 


1. Continue monitoring the Main Propulsion System as in steps on-orbit- 4, 5. 

2. Secure the RCS and QMS subsystems as in steps Docked - 2, 3, 

3. Continue monitoring APS pressures and temperatures as in steps on-orbit - 
14, 15- 

4. Operate the Propellant Conditioning Subsystem in the resupply mode as in 
steps on-orbit - (16-29) as required, otherwise monitor as in step on-orbit 
30 

Terminate zero-g pressurization of the turbofan lube systems' and command 
readiness checks on the turbofan engines: 

EXPECTED 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE 


R 


R 


5 


FCA-1 

LFIV A/B-1 

1 

R 

Closed 

FCA-1 

LCPRV-1 





Closed 

FCA-1 

LSPV-1 





Closed 

LA-1 

QLO-1 






FCA-2 

LFIV A/B-2 





Closed 

FCA-2 

LCPRV-2 





Closed 

FCA-2 

LSPV-2 





Closed 

LA-2 

QLO-2 






FCA-3 

LFIV A/B -3 





Closed 

FCA-3 

LCPRV-3 





Closed 

FCA-3 

LSPV-3 

\ 

r 


f 

Closed 

LA -3 

QLO-3 


L 

R 



Terminate zero-g pressurization of the A/B Propellant Management Power 
Train Lube Systems and verify: 


1 

R 


6 


? 

6 


GFV-4 

LGFV-4I 

GFV-4 

LGFV-4 

GOV -4 

LG0V-4I 

GOV -4 

LGOV-4 

GFV-5 

LGFV-5I 

GFV-5 

LGFV-5 

GOV-5 

LGOV-5I 

GOV- 5 

LGOV-5 

GFV-6 

LGFV-6I 

GFV-6 

LGFV-6 

GOV -6 

LGOV-6I 

GOV -6 

LGOV-6 

V-58 

LFIV -4 

V-59 

LPSV-7 

V-60 

LFIV -5 

V-61 

LPSV-8 

V-62 

LFIV-6 

V-63 

LPSV-9 


1 S Closed 


1 


Closed 
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REENTRY (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


▼ 

R 


6 


G-1 

G-2 

G-3 

EFV-1 

EFV-2 

EFV-3 

EFV-4 

EFV-5 

EFV-6 

EFV-7 

EFV-8 

EFV-9 

EFV-10 

EFV-11 

EFV-12 


PT-4 

PT-5 

PT-6 


VII-41 

VII-42 

VII-43 

LEFV-1 

LEFV-2 

LEFV-3 

LEEV-4 

LEFV-5 

LEPV-6 

LEFV-7 

LEFV-8 

LEFV=9 

LEFV-10 

LEFV-1 1 

LEFV-12 

PfL-11 

PfL-12 

PfL-13 

QTPL-1 

QTPL-2 

QTPL-3 


1 S 


1 


V 

s 


EXPECTED 

VALUE 

OVDC 

+ 

OVDC 

Closed 


f 

Closed 
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APPROACH & LANDING - (Orbital) 


1. Continue to monitor the Main Propulsion System as in steps on-orbit- 4, 5. 

2. Continue to monitor APS gas parameters as in step on-orbit - 15- 

3. To resupply the APS gas accumulators execute steps on-orbit - (16-29), 
otherwise monitor the Propellant Conditioning Subsystem parameters as in 
step on-orbit - 30. 

4.. Command the A/B engine cradles to be lowered. 

5. The A/B Propulsion System is activated and monitored as in Ferry Pre- 
flight, steps 92 through 136 except that windmilling is the primary mode 
of start, with solid start cartridges as back-up, instead of ground 
start GSE. 

6. After landing, taxi to the revetment area. 

7. Shutdown the A/B Propulsion System as in steps 3 through 23 of Ferry 
Approach and Landing. 
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POSTFLIGHT - (Orbital) 


1. Tow the Orbiter into the revetment. Chock and tie down. 

2. Connect ground power GSE. 

3. Execute power transfer, 

4. Continue monitoring Propellant Conditioning Subsystem operation as in 
step on“Orbit - 30, until the APU shutdown command is received. Upon 
receipt of the APU shutdown command, execute steps 5 - 22 of Postflight- 
Ferry. 

5. Take a final status sample of the Main Propulsion System parameters of 
steps on-orbit - 4, 5. 

6. Remove tape and hard copy, if any. 

Debrief crew as required. 

Review in-flight data and fault-isolation output. 

7. Connect Drain and Purge GSE and verify as in step 28, Postflight-Ferry, 
(P-F). 


8. Command and verify: 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


P-O 8 


V-32 

V-33 

V-34 

V-35 


P-0 8 

Command and verify: 


LOPV-1 

LOPV-2 

LFPV-1 

LFPV-2 


Closed 


i I I 

n rt ' 


P' 

„0 

9 

V-36 

LOPV-3 

1 





V-37 

LOPV-4 







V-38 

LOPV-5 







V-39 

LOPV-6 







V-40 

LFFV-3 







V-41 

LFPV-4 

i 




\ 


V-42 

LFPV-5 

1 


p- 

-0 

c 

1 

V-43 

LFPV-6 

] 

L 

10. 

Perform 

a 

purge of the 

main LH2 system by executing 



of Post flight -Ferry. 




11. 

Perform 

a 

purge of the 

main LOX system by 

executing 



of Post flight -Ferry. 






Command 

and verify: 




p- 

-0 

12 

V-36 

LOPV-3 



i 




V-37 

LOPV-4 



p- 

■0 

12 

V-38 

LPOV-5 

1 



Closed 


Closed 


? 

Closed 


S 

t 

S 


Open 

i 

Open 



POSTFLIGHT - (Orbital) (Continued) 
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EXPECTED 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE VALUE 


p- 

•0 

12 

V-38 

LOPV-5 

1 

< 

> 

Open 





V-39 

LOPV-6 

1 










V-40 

LFPV-3 











V-41 

LFPV-4 







i 

r 



V-42 

LFPV-5 


f 


r 


r 

p- 

•0 

12 

V-43 

LFPV-6 

1 

S 

Open 



Command 

and 

verify: 








p- 

-0 

13 

TR- (14-28) 

LBIV- (14-28) 

1 

s 

Open 



Command 

and 

verify: 








p- 

'0 

lA 

TR- (14-28) 

LMBV- (14-28) 


L 

( 

> 

Open 

\ 

\ 


J 

TR- (14-28) 

LIOV- (14-28) 





f 

p- 

-0 

l’ 

A 

TR- (14-28) 

LIFV- (14-28) 


L 

s 

Open 



After two seconds, command 

and verify: 







P; 

-0 

15 

TR- (14-28) 

LMBV- (14-28) 


L 

< 

L 

5 

Closed 

\ 

f 



TR-h4-28) 

LIOV- (14-28) 

\ 

i 


r 



p! 

-0 

15 

TR- (14-28) 

LIFV- (14-28) 


L 

< 

3 

Closed 



Command 

and 

verify: 








P- 

-0 

1 

6 

V-38 

LOPV-5 


1 

1 

3 

Closed 


1 


1 

V-39 

LOPV-6 


1 


i 





1 

J 

V-42 

LFPV-5 

1 

r 

1 

r 

1 

r 

p. 

-0 

16 

V-43 

LFPV-6 


1 


s 

Closed 



Command 

and 

verify: 








P' 

-0 

17 

TR-21 

LIOV-21 


1 


s 

Open 

P 

-0 

17 

TR-21 

LIFV-21 


1 


s 

Open 



Until: 










P 

-0 

18 


PoL-9 


A.R, 


c 

19PSIA 

P 

-0 

18 


PfL-10 


A.R. 


c 

19PS1A 



Then, command and verify: 








p 


19 

TR-21 

LIOV-21 


1 


s 

Closed 

1 

{r 

1 

a 

TR-21 

LIFV-21 


t 


jr 



P 

-0 

19 

TR- (14-28) 

LBIV- (14 -28) 


1 


s 

Closed 



Command 

and verify: 








P 

-0 

20 

TR-(1-13) 

LBIV- (1-13) 


1 


s 

Open 

P 

-0 

20 

TR-C29-37) 

LBIV- (29-37) 


1 


s 

Open 
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POSTFLIGHT - (Orbital) (Continued) 

PHASE STEP ELEMENT MEASUREMENT SAMPLES USE 


EXPECTED 

VALUE 


Conmiand and verify: 


p 

"0 

21 

TR-(1-13) 

LMBV-(1-13) 


s 

Open 





TR-(1-13) 

LI0V-(1-13) 









TR-(1-13) 

LIFV-(1-13) 









TR- (29-37) 

LMBV- (29-37) 





1 

r 



TR- (29-37) 

LIOV- (29-37) } 

' 1 

r 



p 

-0 

21 

TR- (29-37) 

LIFV- (29-37) 

L 

s 

Open 



After two seconds, command 

and verify: 





p 

-0 

2 

:2 

TR-(1-13) 

LMBV- (1-13) ; 

L i 


Closed 





TR-(1-13) 

LIOV- (1-13) 









TR-(1-13) 

LIFV- (1-13) 









TR- (29-37) 

LMBV- (29-37) 





1 


} 


TR-(29-37) 

LIOV- (29-37) 1 





p- 

-0 

22 

TR-(29-37) 

LIFV- (29-37) ] 

L ; 

3 

Closed 



Command 

and 

verify: 






p- 

-0 

2 

3 

V-36 

LOPV-3 1 ! 

3 

Closed 

J 


1 

1 
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1 


J 



r 

i 

r 
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r 




p' 

-0 

23 
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5 
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Command 

and 

verify: 
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■0 

24 
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S 
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p- 

■0 

24 
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s 
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Until: 








p- 
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.R. C 

1 

/ 

19PSIA 

P-0 

25 


PfL-9 A 

,.R. C 

t 

19PSIA 



Then command 

and verify: 






P-0 

1 


5 

TR-1 

LIOV-1 1 

g 

1 

t 

Closed 

1 


1 


TR-1 

LIFV-1 1 

1 




? 


T 


TR- (1-13) 

LBIV-(1-13) f 


f 

1 

r 

p- 

0 

26 

TR-(29-37) 

LBIV- (29-37) 1 

S 


Closed 


27. Purge the gas lines of the Propellant Conditioning Subsystem and A/B 
Propellant Management Subsystem by executing steps 53-56 of Postflight- 
Ferry. 

28. Purge remaining LH 2 system, less main engines, by executing steps 57-65 
of Postflight-Ferry. 
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29. Purge remaining LOX aystem, less main engines, by executing steps 66-69 
of Postflight-Ferry. 

30. Complete main engine purge. 

31. Secure and disconnect the Drain and Purge GSE. Verify propellant coupling 
status as in step 71 or Postflight-Ferry. Purge complete. 

32. Inspect all subsystems for mechanical disorders. 

33. Attach covers and install desicants where required. 

34. Command RCS doors closed. 

35. Secure and verify the MPS isolation valves as in step 72 of 'Postflight- 
Ferry. 

36. Power down all propulsion systems and OCMS. 

37. Input flight data to processing system for trend analysis, performance 
evaluation, and/or maintenance report. 



